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Tomg Matlfematmau's Gaide : 

Being a PLAIN and EASY 

INTROpUCTipN 

In Five Parts,; :;, 

' VIZ. ■' • 

I. flntlimetttfe, Vukar and Decimal, with all the ufeful Rules ; 

And a Geneiai Method of Eb(:tra£ling the Roots of all Single 

Powers, 
n* i3llgfb^0, or Arithmetick in Species; wherein the Method of 

Rai&ig and Refolving iEqtiations is rendred Eafy- and 

Uluftrated with Variety of Examples, and Numerical Qucftions. 

Alfo the whole Bufinefi of Intereft and Annuities, ©r. per- 

form'd by the Pen. 

III. The <^iement0 of ^ttmttt^y Contraaed, and Analyti- 
cally Demonftrated ; With a New and Ea(y Mediod of finding 
the Circle s Periphery and Area to any aligned Exadnefs, by 
one i£qaation only : Alfo a New way of making Sines and 
Tangents. 

IV. (^onicft S>etfiori0, wherein the Chief Properties, &c. of the 
EUipfis, Parabdia, and Hyperbola, are clearly Demonftrated. 

V. The 3Ltitpmttitk of BInfinttCS Explain d, and rendered 
Eafy ; widi its Application to fuperficial and folid Geometry. 

With an A p p E N D I X of ^^tfual ^attgins. 



The Sixth Edition, carefully Corre£led ; and New 
fables of Compound Intereft at Five per Cent. Calculated^ 
and Added by the Author y 

J O H N W A R D. 



LOND N : PriBted for A. Bettefwortb, and C. Hitch, at the 
Red'Lyon in Tate\^noftef'row\ and T. Hatchetty at the Souib- 
Bntrance of the Royal-Excbangt. 1734- 



To the Honourable 

Sir Richard Grofvenor, of Eaton, 
in the County Palatine of 
Cbefter^ Baronet. 

SIR, 

WHEN requefted by feme Bookfellers in 
London^ to Revife and Prepare this 
Treatife for a New Impreflion, and 
once refolved to Anfwer their Demands ; I was 
not Jong confidering atwhofe Feet to lay it. 

My Memory may indeed be Impaired by Age, 
.Misfortunes and Accidents ; nay I am fenfible it is 
fo: But it mufl; be entirely lofl:^ when I am for- 
getful of the great Obligations I lie under to 
Sir Richard Grofvenor, 

Your Hofpitality and Generofity make you ftand 
unenvied in the Abundance of Fortune. Any Up- 
flart may contrive to fpend a Great Eftate ; But it 
is a Felicity almoft peculiar to Great Birth to be- 
come One. 

Were I now to defcribe Liberality without Plro- 
fufenefs ; Steadinefs in Principles, without any pri- 
vate View ; Candor and Affability, Good Nature 
joift'd to found Judgment,\and a Serenity of Tem- 
per, which your Enemies will always find the 
Companion of true Courage ; And then pronounce 
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that you are poffeffed of all thefe good Qualities 
in as high a Degree as moft Men living ; No 
Gentleman that knows you well, would think t 
flatterM you. 

Sir, Give me Leave to fay, I Honour your Cha* 
ra6ier, and Love your Perfon; MyExprefllons 
are uncourtly, my Stile unpolilhM, and therefore 
more proper to be prefixM to a Work wherein the 
Matters related are indeed clad in a plain and 
homely Drefs ; but they are True, and defignedi 
to propagate Mathematical Learning among (iich I 
as defire to be introduced into that Sort of Know- 
ledge ; And I am extreamly pleased they are per-! 
mitted to be fcnt into the World under your Pro- 1 
ceflion* . . ^ 

That you may long Live, to promote the Good,] 
of your Country, and that City in whofe Intereft ! 
you have fo "heartily engagM your Self ; And that 
you may ever fucceed in your own private Af- ^ 
fairs, and live to enjoy all the Bleffings that at- ■ 
tend a quiet prudent Life, is the earneft Prayer i 
of, 

Honoured SIR, 

Tour moft OUiged^ HumlUj 

and Oledient Servant^ 

J.Ward. 
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ITbinkHNeedtefs (and ahnoft Endkfs) to tun over alltbe 
Vfeffdnefsy and Advantages of Madiematicks in General i 
and JhaU therefore only touch upon tboje Ikoo Admirable 
Seiencesy Arithmetick and GeomeCry ; wiricb are indeed the 
Two Grand Pillars (or rather the Foundations) ufon vabicb 
all otber Parts of Mathematical Learning depend. 

As to the Ufifulnefs of Arithmetick, 'I^s well known that 
no Bufivfs^ Commerce, Trade, or Implojment wbatfoever^ fven 
from the Merchant to the SbopMepeTj 8cc. can he managed and 
carry 4 on, without the Affiftance of Numhers. 

And as to the Vfefulnejs of Geometry, 'Tis as certain, thai 
no curious Art, or Mechanick-Work, can either ie invented^ 
improved, or performed, without its affifting Principle si thd 
perhaps the Artift, or Workman^ has hit little (nay, icaroe any) 
Knowledge in Cieometry. 

Then, as to the Advantages that arife from loth thefe Noble 
^fences, when dulyjoind together^ to affifi each otber, and then , 
Apphfd to PraSlice, (according as Occafion requires) they will 
readily he granted hy all who conjider the vaft Advantages that 
Accrue to Mankind from the Bufinefs of Ivavigafion only. As 
cdTo from that of Survejivg and Dividing tf Lands fetwixt 
Party and Party. Befides the great Pleafure and Vfe there 
is from Time^keepers, as Dials, Clocks, Watches y &c. All thefe, 
end a great many more very ufeful Arts^ (too many to be eniu 
mcrated here) wholly depend upon the aforesaid Sciences. 

And therefore 'tis no Wonder, That in all Ages fo many 
Ingenious and Learned Perfons have imployd th^mfelves in 
writing upon the SubjeS of Mathematicks ; hut then mofl of 
tbofe Authors feem to prefuppofe that their Readers had made 
fame Progrefs in that Sort of Learning before they attempted to 
peruje tbofe Books, which are generally Large Volumes^ written 
in juch abftrufe Terms, that young Learners were really afraia 
4 of looking into tboje Studies. 

Thefe Confiderations firfl put me (many Years ago) upon the 
Thoughts of Endeavouring to Compofe fucb a plain crndfamiUar 
htroduElion to the Macbemaricks, as might Eneourc^e thofe 
that were willing (to fpcnd fomc Time that Way) to venture 
and proceed on with Chearfulnefs j Tho perhaps tbffy vfere 

wholly 
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wholly ignorant of its firft ^jtdiments. Therefore I began with 
iheir fifp Elements or Principles. 

TbatiSy I began with an unit in Arithmetickj and a Point 
in Geometry • And from tbefe Foundations proceeded gradually^ 
on, leading the young Learner Step by Step with all the pjaift^ 
nefs lean, &c. 

And for that Reafon I fublijhed this Treaiife (Anno 1707) 
by the Title of the Young Mathematician's Guide ; which has 
Anfwerd the Title fo welly that I bnUeve I may truly ^ fay 
(without Vanity) ibis Treatife bath provd a very htflpful Guide 
to near five thoufand Per/on s ; and perhafs mft of them fucb as 
would never have kokd into the Mathcmatick's at all but for if^ 

And not only fo, but it bath been very well received among fl 
the Learned, and (IVc been often told) fo well APprov'd on 
at the Univerjitiesf in England, Scotland; and Irclana, that ifs 
Orderdtobe publickly read to thair Pupils^ Sec. 

The Title Page gives a Jhort Account of the feveral Parts 
treated of with rheCrreaions and Additions that arc made td 
this Fifth Edi'ion, which 1 Jhdl not inlarge uPon, but le/fve 
the Book to fpeak for it jfelf; and if it be not able to give Satis^ 
faSlion totb? Headijry Imfure all I can fay here in its Behalf 
will never recommend it : But this may be truly faidy that 
whoever reads it over^ will find more in it than the Title dotk 
fromifit^or perhaps he expeds : 'Tistrue indeed, the Drefs is 
but Plain and Bomely^ it being wholly intended to InftruEly 
and not to Amufe or Pu^;{le the young Learner with hard tVords^ 
and ohfcure J>rms : Bowever^ in this Ijhall always have the 
SatisfaSiion ; TbM Vve fxncerely aimd at what's ufeful, tho in 
one of the meanefi ways ; *Tis Honour enough for me to be 
dccou7ited as one of the Under- Labourers in Clearing the Ground 
a little y and removing fome of ihtf Kuhbijh that lay in the way , 
to ibis Sort of Knew! edge. How well I have perform d That ^ 
tmji be left to proper Judg/s. 

To be briif'. As lam >iOt fenfihle of any Fundamental Error 
in this Treatife, fo I will not preierid to fay it is without 
ImperfeSiionSj (Humanum eft errare) which I hope the Reader 
will excufey and pafs over with the like Candor and Good iViU 
that it wascompofedfor his Ufe ; by bis real WeH-wifher^ 

J- WARD. 

London O£lober loth, 1706. 

Correfied, ©r . at Chefler,. 
January 20th, 1722. 
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PARTI 



Pr^cogniti. 



HrWr^HE BUfiiefs tf Madftmatrcks U all iu Parts, ., ., , 
. I ' TJieoqr ma Pradice, is only to feanb cut mi deteK 
m. tmn^ the true (^u^ntitj ; either d/ Mattel, SpaC«f, of- 

. : Motion, aecording as u^caponrewlreif • , 
By jQaaAtity cf lA2XSstis,here m^mt tSe Mf^itud^ St Mi^^ 

nefs of any vifihU thinly n^hofe Liengtb, Breadib, ani Timkpitii 

myeitberhemefifuredyin'^imat . ; 
£y (^tfWfitj if Spif±U meiuit the d^anu (f oke ihh^ffffifi'^ 

And hy Quantity 0/ Motion 14 meant the fu^finefs df dnj 
thing nMing frm om^fdac0 to anothet.^ ' , 

. Ttn^softSd^ation (if fhefe^ actordin^asiheyrfnaj iemfofedf 
an ttk wbj^ Pf f ^tf .Madbepiatic&s, . kuUbiefiy that ofHsittm 
X Now the confiderationcf Matter, ivith reffe£i to its Q^itfAvfi ' 
Ftkno^y/PofiuOn, Ttt)Eri>iir nmrither he Naturai^^ Accideiit^)/^ 
VkBfpoA^fxnllradmtpf infinite Karieties.; Bui alT^ 
that are yet knoivn^pr iff dt^edppfJibU tsi hii ctffidived^ /irewM'j[ 
impripd imdefthe due c^fideration of ihefe Th^^ Ma§iMro<if 
ant Nunoter,: which . ate the. fr/>fer Suyjeeii^ 6/ Gcomef/f 7 
Anthmetick d^d A\%th^ > All other Parts of i^e MatbewkJcffo 
HHng pnly the Eran(l/e^ pf tl^fe three Sciences/ ir ffith:^ Hklf 
AffikattM io faxticular Cc^es: .. ' 

1^ #«orpt»f 
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^tomtttf is a Science hy which we fearcb out and come to 
kfidtv either the whole Magnitude, . cr fome part of My propofed 
Quantity ; and is to he ohtainld h comparing it with another 
known Quantitf of the fame Hndy which will ahvays he one 

IM^^mit^k^^ («>'aaftyiufcAiMtiEit>ng|), B^ddti 
12;!?^ Depth, or Thicknefs) Nature admitting of no other Dimen^ 
fions hut thefe Three. 

jSnt^mettCfc is a Sderiee hy ivhfch 'we come to know what 
Number of Quantities there are (either real oir imaginary) of 

any kind, fontaiwed hi ^P^k^ ^^S^^^J^i^H^ 'S^ ' Novf 
this Coniiderfltoh h vertcmekent^ which 

is only td^ b* #a* md^d^A^prnm^ 
as demand^ how Long, bow Broad, bow Big, f3c. But when 

^^ ^'^s^^ ^P^^fa " ^JfSSLsC ^^^ Quantities tka^JISd^JirMmo. 
cfJTem Sne Quarihty7i contained in another^ then we have recourje 
to Arithmctick, wl^k<h is to find, wt trmi^andJproper Axfwers ta 
ail hijLQMepims xu demand how Manfr ^»hef t j uiu fc er^ vr 
Multitude 0/ Quantities t^^r^^^. To he hrief^ the SuhjeSi of 
Geometry is that o/ Qu^mtity. with ref^^ to its Magnitude 
Only ; and the Suhjeft of Anmak€d<k is Qtotntiti^ with refpeSi 
to their Number only. 

^Hflktrfsii 'S^tttt'tywiicH 't^efnbJi^lfiri^'it\-^SJgpi7f 
fxohkm. either vt Arithmetick or 'QoGibbny wre RUfolveSvtd 
t^fnonfirated^,^bat^iSy it equeily rnterferts nMtkf'tlhem jSIm? ; 
and therefore i$\spromfeuiafiy tum^d^ ireing fokeiinescafFed 
Spr^oijs A'ridlmiKi^ki: 4r^ji Haindc,.Vicea, anit DoShfr WMis^ 
tic. . 4nd fomtiinu its f/dled Mbdim Gcdrtieeryi fortictd^/y 
the ingenious and great /klhtAesndticianflMr^EAtkV^ 
%tf^^ ^ofe£b9^tf .<3eQmttty: m^tbeVniverfiff^iOidh^^ 
giving ibis following Injiance of the Excellence of our t^feStei'b 
^3k6c^^ yrrifes fhus,\ \-\ v :*: ^^ ' ' '. ^ 

** The Excellence of the h/iodtm (kbtpiKttf'fptttb i^t 

* netbingwote etfidenf^ thmtnthofefutfandAol^qp^^ 

* 'iigive;s to J?roblcitoS4 Reprefentir^::ail the pt^JihU C^fs ^ hr» 

* view, and in oHegenem Theorem iMty tif^s^omp^Md^a 
^whdkSciewts; whieh deduced at J^f!i'ifit0ht6p33i&hsa^ 
^ iiemo^ated^ ^ter' the manner of^ih^'idlkak(9[%yifnii^ ^vett 

* ^e/:0nfthi? SuhjeSis of large Treatifes: Fbrwbat^ivii^'rhti^kttk 
^fpli^sihemoftccmpIii'afed^Ftoblem of the kiM^ db^s^fh a 

* due ReduBion reach all the Stthordima^CsSe^* ' Qf^'^^b Ihe 
gives a noinhle biftance in the Doddne ofXyi(:^^(!iaiforfiiidin^ 
il0e Foci of Optick GlaOes miverfatty^ (vtde PhilofopKdaf Tftin^ 
aclioDs^ Numh, 205.^ . - - • *•*)*• 



Tb^'jaM hdve A^jfl)6^' and geverat^2c^iuirt pf 't&ff -frop/^ 

Gcoilici;^ and Ake))ia. . ZJhall now proceed p tivea p^itufa^ 

rouMamn, of 4^/ jMs^Hib Mjrfiettasttii^/wrffcJccA}^ 
iberemr if}onbfto ^weH und^rftoodhefirnlfBffftjatem 

CH.A R I. , . 

Coneeming the feveraf Part:: ^/0rtt$tttti(tlt^^)^ ^^ Z)V;fW» 
. ^ /w/i ^X^clf Chara5ler5^as^ are ujed iij^thi^ Tr^tife. ., , 

The fin !)«teg tJjtf -maft' J>Wh aincl ek^eRj' B'^ottimorily^qtllAf 

H^ir '4thbmttick , vi^vfcj^f^^ \ J^diife-'.eycrir Vfnt, 6r 

, matet concerned in' Mitcprcfetits cwe*vrhde C^iMity dP^lbtti^ 

I The ftcbnd is that whiA^ippofes' 9iiVnjt.(mi:tOTiC^mijt 

L At^idntUyxfciimtgTepik&r^^ ^tVntf)-^ to Be JSieoie^;^^ or, 

I IHvidtfdi intct ap^Jd Parfs (ti&iettvtti Or uncvcri) and confidpri 

ot tbem^nlKt ar pori Pa^s^ viz. Eadi Icfs than kn Vnir^ oif 

eHe HPF^imi fkte^s imertnh;t/ A{id il ufuaQy calldt'che* 

T%etMtd^'^ br AtfUkral P^t, b call\c4 J9m;?wf Artibmeiich, ;' 
bdM*an^ft[frf/if V»vcn^ of mahagtrtg Fri0ions oir liroke?$ 
HkmerSf ty 'i much m<»c commodious and cgify Way than that 
ik Vulgcdr TrdSims : Por the fevcral Operations pctformedin, 
picimdsf diflfer but little from thotb in Wbde Ihtmlen \ aincT 
thecdKxe it is now become of general Ufe^ efpecially in Ceome^ 
tncei Compufatioas. 

flnt^mctiCk (in aH its Parts) is performed by the various 
odi^ UA^pij^ Ol Tta Ar^Hcl CbMaSleY^sxL Numeral* 
J^flTff s^viAi^ by mne are called Digits^} ^ 

' * «" , . 
i^j. ^0«r45.iE«a Jk^KPrnt Ripe Bis Seven Eight Nine Cyfhef 
\ I 2 5 ;4 % 6 7 B:^ fi.. cy'^ 

The ufe tf ibefeQanSimis ^ U fe fi^Ji introduced inf a 
Eiittjand near fix hundred Years ago^ viz. about the tear xijo, 
^fkcior WallisV Algetra^ Page 1 2. 
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/4|hf'15rtJ'<>r tfTcleT^wf /iff^rifj is called XJnBy^ aiSl 
le c^ any kind of SpMff4 or QtiAfitii^f A* oaif /^ 

; ' \'\z.pniji if th^t by whfch evecy l|i^^g* that fs^ fs f^f 4r.onc 
i^&'cJiajf^ vef. I.) .and is the beginning- dF all A^ww^rri^ \Tha$ 
IJL to Jay, \piumber is a MidHiiudtf of t/)5r/fi. Eucli4 7j. DfijE^; 2* 

t^or, one Inore one, makes Two; and one, moxe bne^. ^ipr^ 
twc fljakcs Three, 8r. /TAirA fx fA^ jf^jf andchirf Poftulaf c^ or 
^t(f £ffr~A3S09 f9 AuuiBi^ekt - •"■""*" 

' * ' 
r^^ f That x+T=i; i4^i4.x = ?• I+I+l + l=r4? 
//*i\i i+j+;*f 1+ 1^5. ^ndfa oh tap, ' 

Nine of thicfe Pifures werf thus compofed 6^' E^V/fj^ and 
diSeivntly fibrm'^ to rcpr^fisot firmany l/«if5jpu( tog^ec into^oiKS 
;^//^, as was ^nfendcd'i^ ihoul4 denote : J^ime be^ng tbf greaMft 
'dumber oi (/;sr//jthat was then thought a>fwcQi^ to E;p£3^reffed 
by one Hnglfe (r^4r/2^j^f^Iaftd^the<;(^« ison)^^ or 

(is i^mp p^^ bebufe, of \i idt it '&nifie^ 

iaotb|ng ; tor if never fo.ottny Cypiiers be Added to, or fiubitoaaed 
from, any Numhtr^ tney can neicnei^ incrieaie nor, o.iininifh that 
Nmhr; but yet ^ ziyfh^ (f^,^^fTf) "^Y. ^^ placed, the 
oiUcf Figurs^ wlll^ecome of difierent Values itom what ^y 
wercbctore, asy^UlappwfurtiiprQnt • . - - . ; \ 
.'For the moi:^ convenient broeringoi the afore^.iyS^m^rtfZ 
J^'S^^^s^ according to the feveral A^arieties ;tb^ $a]^peti in. 
Computations \ I do advxfe the young |L;e^rnec fp juxpj^^ 
felf with- the Signification <of the ^oUJowing \^{;^2'r^^^ or \ 

CbAtdSerSy w)uch h^ will find of excellent Ufe, as bie;^g a muct^ 
i^iorcerT^ better ixA more fignificant way of dEenotlng what 4s to 
be done (in mbfl' Opeiatioos) than cp . otberwife t)e fxpreflfed 
liiWoiidsatlciigtb. , ' ' ' '^ ^ ; 



$igni&atioris. ^ '^ * ^ 

ligts Nams^^ ' The Sign of Addiiian ; as S-fT* i» fr more 

■ V7i aftd fifinifie^ diat die Nutnters H'^sAy ?fd 

\to be added ipto one Sum. The like is to be 

j.X/Z'fci Of < underftodd when fevetaT Ajr;»&<Tj ueooitieac^ 

f^J^xmertf Jtbgctharwiththe[Sign+ ^ ■'. ' 

V , A' 34+2\+9+45» 0^- depotes tbefe ate 

V to 1^ added ifito;oije^^^ ^_{ • 



ICfiap 12. '"' Oi ^^iad^Sir 



HMf^tit^ . The Sign orS«25/?^4fl/W; as. 9— ^Ts pTE& 
Ti!rr<fiy and figiiifics that 6'is tQ b6 tajccrt from 's^ 
^^ Z^tfotbcfr Difference may be fouhd; -'- 

^*5l /Sinto 6, aiwi;.fcttiftB5 thary is.to.bc7Multiplied 
Cinto'or withiSr 

■--■•.•' ,- • . Y . . ,•..• >. -.,. 

. r The Sign of 2)iWj?/!);j; a»8^2,7s Sby 2^ 

• *-V^fit ^^ %i*»c5 that 8 is to h^ DinJed by :^ al& 

? J C •'' y thus '2) & (4 or thus ^ mh i^^^^hig the fame 

Vthuig, to wit, 9 Dividcdly iz. " • .* 

- -The Sign^ of Equatiiy or. Jj^tuftion^ viz. 
^whieiycyicr this Sign :^is p&ced l^i;wjbit Nurpibirs 
/(or Quantities) it denotes them to be l&qiial, 
lasg^Pt iafcp4»(^rrT^nr4^ J^A^ &c. That 
'is, 9 is Equal to 9^ or 9 mof^ d |s Equal to X5, 
.and 9 lefs 6 is pqual to 3, &Ch - j 
' . '1 

The Sign of Proportfovj' ot that commonly 
.ci^^dthe GolSenRuIe^ pi Ki^e cf Three, and 
/: : is always placed betwixt :the Two middle 
viytms or 'Numbers in ;tropqrtion. Thus 
'2 ; 8 :: 6 ; .24. 'To be ,rea4, thus; as 2, 
-Js to 8^ So is 6, To 24* 

Thefe Signs' ^ their' Si^fujpcatlqjtSy be^ p^rfefUy leamf, 
llill help toThoften the Wtwrk. . . ; ' 



;=:Wj5jp^^/. 



f:WSoz5. 



CHAP, n- 

Oincerning the PrincipaPRules in Sitit^mttiti^ and how 
* ? //^^ are per^rmed in fFiokiNuf^irs.. 7 

TH£ i?i;&j by which Numerical Operations are performed 
b aH the Parts^ c( 4ritbmeiitky are maoy and various,* 
fevenlrcf themv being ^^rm'd and raifed as Occafion rfcc^^kes, 
^hen applied to PraBice^ yet they are all compseehended witmnfhe 
*)eC«rdidcmU?0of t)iefe8sr, vi^ ^UMtrfttfon (or /jtoatidn) 



Itittijtl, OT Extraam of Roots., . . '^ 



i^mttttltioit or NdtatiMf te^cheth b Reactor Exprds the 
ft?o^ Vjduc of any Ifumber when writ down ;* an^'confequeptly to 
y^t% tfo wd any prqppfcd Nuinber according to its tiuc Y ^e whca 
irisliafiaed^ Ami Aiscpn^itH'ofTwoftrts. 

;^. The ducprdcr of placiiw down F|gur^. 
% tTjc ttuc* v^uing of cadi Pigtire in its pUcc: 
'|3ot})i^cb ar<e' plainly exhibited in the Mowing Table. 






4 



« 






F-5 










l§^-^ 



ISJill^tll:! 



.-e ' 



67^987 <? S 4 3 a I 

By this ^mnn^ioK pW«^St'* apwtent, thst «he order of 

Phces IS reckoned from !A*Rid«:.hand towards the Left; the 

^pbce of any Mi»i*«]wnyaw^s4ihat wWchis thcupptAnrtl 

SSt^^^fS;^**'^'^^.'^ «-i.in«,,uS 

plKc %q^th fQ owy ■^f 15 that f ^^ r^^ V^. 
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I%e third place is HundredSj ihit Sxft^jjiaacTbot/fuHfSf 9k. 
That isj eadr^ace cbWar^s the I^-baod is 7)^ tiOMtfacMlue 
ofthat next it towards thi Right. ^ ..../.v. .\ r. 

For Idbocc, fivpofir 7^ were jprojpdcd^^lo ]be i?td orpio^ 
fjbiiiicedi zcc0r£ng to the Value of ^Kh^/'StlW^ ^.^^My ikM 
flaod TTbe firft Fi^^ ia thi9&^>^ l)fKaiife k^^ 
thejplabe oi Umtu an^ there&m Ggfu&» but itsi pw» ^{^ 
Valfc^ to wit, '9UniUy 019. The fecood '/*(|pm ^ Aa^S'iti 
' tbe place of tt^ns^ and ^refor^ %nifiesPive jlh[i pr /?/ry* Thm 
fi^e 7 &uids ia the tUrd p)^ .0% dad| of Hi^r^t^ icf 
therdPore k Sgmfies S^^^;ii J%fM^ 
re^d or prpoouoced thus, Sev^aMiadredJFifu^J^JiM^. 

Note, Although the Figire f^ ftands it> the third place fac- 
cording to the order of J^mlerifig) yet when the vdiok Sum 
comes to be read, itsfirfi pronoonced; thereadii^ofi\^i^m(^^ 
l)dng4^eifiMa(ii*d like that of Lettets or Wprd^ always bei^ilning 
with the butmpft Figure towards the Lefit-bahd, and {0 many 
figures as are placed together without any Point, Comma, Line, 
orgthcrNoteoC DiflfaiaiKJb between thda; ale all hdi ohb 'fym, 
andiMiftbisjEesdittfiicfa; .. . ^ 

Pot Example, 76:1596 is but one intire Sum or Numl^^ r^J 
mOtOaabtg, jt ecrfmfls of €x pbtfetcf fS^^>, sthd h Aus 
read ; Seven B^direi Sixty three fbcuifma^ Fit^ HkHdlrek 

Hie ]ik:e i$ ^-be oMerved in ifcadii^: w dfttSia^ \ht true 
Vatae di aqy ^ crjimkpk IiOtpiiertiMEBixi^i^Seveif, Sighu 
Nifte^ or more j^bas of tigtnresj .fiu^i^]|piMr being to Vt ^used 
aceoi^ to in dtfianeb fiom di& fifakceof '^i^.- As in ^he 
fon^oiogTitite. 

^3»w fudi Values diay 9s well aq^ by Ofpbersy ^ by other 
Figures; for inflance, d fiandii^ bf.kiell:; Wpfefents but Sir 
Units: Botif aQff/b^b^amwxt to it tfai]|k 60, th^ 
Sixty ; tor the Cypher po&flkig thb plaple of Untts^ hath thereby 
icmoved the 6 into tbe place dtl^xrj 5 and another Qr/i^^ m'Ke 
woidd indft it 600, Sfx mndred, fee 

Whttkt Uttixf be hdttd, thataldicfudi a Qr/'j&^r of it fel£&niiy 
iiodnng (a^lotdl be^ Md bdtc^e) y^t^beihfir phic'd on the Righc- 
hand of any Fijjfete^ it augoaotts the Value of that Figure Ij 
aArtaSflg it into a h^^€r vhcfe Aan bthieftvift ic woMd faaVe \ 
been, hfitf n(x the Qppil^ tMn ^ere. 

Take drte Examtu moie inNum^atian^ if you pleaft, that 
in dte TaUe, viz. 676987654521^ which is, aocording as is 

Sijf' 



rftfirurr^ 



Sifc Hundred Fifty Four Thcufand/ - ;< v . 

Three Hundred fvienfy One Units, OF sin^ ptopbftd Sjp^nV^ 

Aftd here it tnay be bbferved, that every thitd Figure fetom 
the pkoe of UnifSy bdits the Name of Hundreds ; which &pw$' 
that if any greitt Sfifw be parted, or rather diftinguiffed.into 
Periods, of Three Figures in each Feriod (as in the forgoing ^ 
TaUe) it witt be of good ufe to help the yornig Learner in thc"^ 
c^r val^g and ex{»refling that Ssm. 

. Sea. 2/ ofsmttidti. 

• . . Pojlulate or Petition^ 

That any given j^HmbfT may be increafed br mademore^ by • 
putting awther J^intMt to i(. 



is. thazHuk by wfaieh feveral Nunnlm are c^-^ 

tested and put together, that fo their ^um or To^r^ Amounr- 

maybeknowA. 

, Iq tbis Rule Tiw> things being dar^% obfenrtd^^ tiie Work' 

wiU U calUy. pcAjrined . i 

Y« The firft is the true placing of tKe Nurnkerty fo as thst eadi^ : 
F/>fr^ may iland:dite£Hy^ underneath thdTe Fj^/vi^i of the Sune 
Value, viz. pla^eC&iVi. under l7/rifj,j&xe^ under '7^^i> ancT 
Wtundreds vxAtt Hun^cdsy 9cc* . 

^ Then undem^Kh weJowefl Rank^alwap^dr^w aLiine to'* 
leparate the given Numbers from their ^um when it^s foand* 

. Example. If thefe i^xn£^j 54727, and 2651, were ^en to' 
be Added together, tbeymuft be placed 

■:«».! ^■:; ■■ 

2. Theftcond diinrf^ to bi bbferved is thi due GoUc&ng oi, 
Addiraj together each Row oT .Figures that Hand oyer one .ano*' 
therofthe lame Value: And. that is thus performed!*/ 

Mel 

Always l^r^i^ jwr Addition ^f the flaceofilnits^ iini Add' 
Ugeiher all the Figures thc^ fiand in that flace^ and if their Surar 
te under Ten, fei it dQV>n hlo%D the Ijne underneath its6v)fti 
fhce; hutJfjb^'irSumbe more than Ten^ pu mufi fet dthofi 
only ihs^ overplus J or odd Figure nhove the Ten (or Tens) and fa ^ 
many Tens as. tbt^ Sum qf thofe Units amfiUnt to^ you mujf eany 

i4 
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lotie fUce of Tern ; JMing tbem and all the IFvgfxttstbat 
ftind in the flace isfTem togetber^ intkefame manner as tbofe 
eftie Units itiefe Added ; iben proceed in the fame order to thlf 
feci d/Hundred8, andfd on U eath place UKiilall is done. 

The Siwj arifing fcom lihole Additkfns wiU be the Total A* 
I moimc leqiHted 

M^^tmpte t# 

iUt itbe teqmred to find the Suaiof tll^ afoc^akl tfiml?er$^ 

c 2651 

56P78 the Sum rcipiiredk ' 
Beginning at the place, of Units^ I lay i and 7 is ^ whidi 
being le& than 10, 1 fit it down (aocording to the /{^^Z^} under* 
ncam its own placSe of Units ; and then proceed to the place of , 
r^w, faying 5 and 2 is 7, which being lefs than jo, I fet it dowrt 
undero^ ittown place of Tens^ aiid proceed to do the like at 
AejAwc of Hundreds^ and then at Tboufmds^ fetting each of 
flwr 5MRf underneath their own refpemve places ; Laftly^ 
bccanft there is not any Figure in the lower Ranb to be added 
wthcFig«r#'5, which ftands in the place of Ten Tb^ufandsy ia 
theuppor Rank, I therefore bring down the faid % to the reil^ 
piBcing it underneath its own place, and then I find tlut 
W^7+265X«256?78, the true Sum required. 

^xofnfle 2- : 

Suppofe it wctt rcqtnred to find the Sum of thek jNumiers^ 
C78+4964-742-Hi84-+?5. Thefe being placed, as before?, 
iwfled, will rand as in the Margin. Then beginning (as before) 
ttthej^of VnitSy iay 5 and 413 $^^ and 2 is 11, and 
6 is 17, and 8 is 25 5 fet down the 5 Units underneath it$ 
own place of Unifs^ and carry the 20, or two Tens, to the 
Phoe d^Ten's (at which place they are only 2 ) faying, 2 
fodpisti, andSis 15;, and 4 b 23^ and 9 is 32, and 7 
i?9; fet down the p underneath its own place of Teniy 
■wcany die 50, or three jn';!;x (M^ich indeed is 30a) 
todic place oitiundredsj at which place they are but 3^ SO?*} 
%ing, 3 1 carry and i is 4, and 7 is 11, and 41$ 15, and 
5is20 \ here becaufc there is no Figure overplus (as before) I fee 
"^''ft a Cypher underneath the place d[ Hundreds, and carry the 
* rr»i (^i rather the 2000^ to. the place of Thaufan$s^ wytng 

C (ai 




lo 



^titi^titcftcfi* 



Part t 



(as before). 2 I carry and 5 is 5, which bcinc the M, I fee k 
down underneath its own place, and all is finimed. And find the 
Sum ot Total Amomt to be SOp5-rr2578+496+742+i84-f-P5* 
If this Example be well confidered, it will be fuffident to 
ihew the ufual Method of Addition in Whole Nufnbers; but to 
make aD plain and clear, I fliall Ihew the young Learner the 
Reafon of carrying the Tt^»s from one Dcgrrec or Row of Figures^ 
to the next Superior Degree, which is done purely to lave 
Trouble, and, prevent the ufing of more Figures ihsai ire really 
xieceflary, as will appear by the following Method of adding 
together the lame Numbers of the laft Example. 



Thus, Add togeathcr each fingle 
Row of Figures by it fclf 5 as if there 
were no more but that one Row, 
letting down the Sum underneath its 
own place. 

The Sum of the Row of Units, is 

The sum of die Row of Tens, is 

, The Sum of the Row of Bund, is 

The three Ti&off/^zxr^ brought down 



78 
96 



7 4 



84 
9$ 



70( 



700c Add 



The Sum or Total Amoant as before, is 5095 

From hence I prefume it will be eaiy to concdve the true 
Reafon of carryii^ the aforefaid T^ns ; and alfo that Cyphers do 
not augment or increafe the Sum in Addition. (See Page 4,^ 

I might have here inlerted a Lineal Demonflradon of thif I 
Xule of Addition ; but I thought it wouQ rather puzzle thaqJ 
improve a young Learner, efpecially in this place ; beiides didj 
Reafon of it is fufficiently evident Scorn that Natural Truth o|l| 
fbe Whole being Equal to all its Parts taken tpgetber. EucUd.1.: 
Axiom ip. 

That 'is, xiic Numbers which areprppofed to be Added togei^i 
ther are by that Axiom underAood to be the fevetal Parts, and 
their Sum or Total Amount found by AdditionhuD^xStooditohi 
tbcWhole. ; 

And fiom thence is deduced the Method of proving dice 
Truth of any Offer at ion in Addition, viz. By parting or fepsyrating^ 
the given Nutnbers into Two Parcels (or more, according to the 
Largeneisofit) and then Addim up each Parcel by it felf ; Poc 
ifthofe pardcular 5ivx»^ fo found, be j^^i^^into one Sum, and 
that Sm^\tQ\^ Equal or the fame with the Total Sum fi«0 

foupdj 
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ibond, then all is Ri^t ; if not, care mull betaken to difeovet 
and correQ the Enrpr* 

Example. 

\ 328pCThe&;nof tfaefe Parts is^ 12952 

Add ^■^— 

I2POOI s I 

/'y007>'tbi&Sumc£thekyis 9513 ; 

The Total Sum of 177^ Th^ *«» of «chl ^^ -^^ 

. aUthcfe Parts ^ 4^5 Parcclputtogcdierr ^^4^5 

Sea. 3. Of $i»ttbffra(ttoii. 

Poftulate or Petitm. 

1 7*4/2/ any Jftttnthet w^j^ J^ diminijhedy or made Lefs^ hy taking 
I another ^mxSxx from it. 

^tlbSratrion U that /?»/i? by which one Number is LeiuBei 
cvr taken out of another, that fo the Remainder^ Difference/ot 
£trf/i mav be known. 

As 6 taken out of p, there Remains ;• This s is a^ the 
Z)(^^«r^ betwixt 6 and p, or it is the £ivr^/i of p aWe 6. 
* Therefore the Number (ot Stim) out of which SuhftraBion i% 
required to be made, muff be greater than (or at leaft equal to) 
the Suttrabend or Number to he SulftraSled. 

Note, This Rule is the Converfe or DireSf eontrdry t9 
Addition. 

And here the iame Caution that wa^ given in Addition^ of 
(lacing Fi||»r^/ direful; under thofe of the iame Value, viz. Units 
Qodef l7«2f^. Tens under Tensy and Hundreds under Hundreds^ 
ftc muft be carefully obferved ; alfo underneath the loweft 
&ank there mufi be drawn a Line (as be&re in Addition) to fepa« 
Qte the^^ven Numbers firom their Difference when it*s found 
. Then haying placed the leffer Number under the greater, the 
t)peration may be thus, performed. 
. . .;, *;\„JEtule. . . 

Be^n at the Ri^bt Hand Figure or f lace of Uni(^ (as if$ 
Addition) and take or ^tftraSitbe tower Fi^fMC in tbatf lace 
^ -^ t z ' ^ from 



l» §,XU^tti t^. Parti. 

from tl?^ Figure ihuHftandi werit^ fitting dcf^vm tbf Remainder 
or Difference underneath its own flace. If ibe 'BxH> Figures 
elf once to he Equal j fet down a Cypher ; But if the uffer Fi- 
gure he lefs than the lower Figure, then you muft Add lo to the 
upper Figure, or menially call it lo more tb^n it is, and from 
that Su9i Sgthftr^a ih^ tmerTi^xejfettivg down the Remainder 
(as before directed). Now iecaufe the lo thus added, was fup^ 
fosdto he lorrowedfrom the next Superior place fviz.o/Tens) 
in the upper Figures, therefore you tnuft either call the upper 
Figure in that plt^e from whence the lo was borrowed, one lefs 
ih^n really it is, or eJfe (which is ill one, and mofi ufuaJ) you 
pivji call the lo.wer Figure in that place one more than it reallji 
fs, and then proceed to Suh^idi&ion in that place, as in the for^ 
mer\ and fo gradually on from one Row of Vii^t% to another 
f^ntil all be done. ' , 

Examfle i. 

Let it be require^ to find thfe piference between 6785, and 
'4572. That is, let 4'572 be SubJiraSied from 6785. 

Thefe Nmfiber^ beiag ]?laced down, as before dirc^ed, will 

iJand ^ 

0785 

4S72 



Thu»{ 



" Beginning ^t the, place cAVnits, fake 2 from % ^(J there 
will Remain 3 which muft be ifet down underneath it^ own phce,^ 
?pd tji^ proceed to the place, of Tens, taking 7 from 8, and 
there will Remain ?,, ta be fet down unaerneath its pwn plac» ;: 
againj AH the place of Hundreds, take 5^ from 7, and there jR^* 
^ifiins. %, which ^t diown* as before j laflljf, take 4 from 6 and 
there will Remain 2, which beijig fet 4ow«undfrncathit$own 
pl^ce, the Wor^ is friilhed, and t^e J^ifference fo found will be 
g2 1 33s678$--4572, as was required. 

■ Bftdrffple, 2. 
The difference bettvcen 5^8;^$^, and 74?kS ^5 requicci 
Having pkccd the A^^mJ^r^ a? in the Matgiji, begin 
;it the place oW^its (as before) and % j> from 6.canno5 
be, but 9. from 16 and there Remains 7, to be fet dpWi), 
under its own phce ; next proceed to the bljce of Pns,, 
Inhere you muft how pay the 10 that was borrowed to 16^47 
make the 6, 1 6, by accounting the upper Figure 9 in that 
place cnel^sthvi it i§, laying 4 ftom A^nd.tjbere Rf mains. 4, 
or clifc (which is tlic moft' ^Sfiiif d^ J^J 1 1 b?cr6wc^ and 4 is S, 
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from 9and there R&mains 4, to be fet down under its own phce 
(asbefore) ; again, at the place of Hundreds j fay 8 from 4 rhae 
cannot be, but 8 from 14 there will .Remain 6 to be fet down ; 
and here I have borrowed 10 (asbefore) which mufl.be paid iii 
theCune manner as the other 10 was, vIt:, either by calling the 
7 in the upper Rank but 6, faying 5 from 6 there Remaim 1, 
or elfe by faying i borrowed and 5 is 6 from 7 and there Remains 
I, which being let down under its own place all is done, and the 
Difference required will be 1647=7496 — 5849. 

Examfle 3. 
From 830476 
Take 741068 

Remains 89408 

By diis Example you may perceive that Cyphers in the Suh^ 
trabend, viz. in the Numbers to be SuhftraSiea, do not Dimiiuih 
the NmA^t from whence Suiftra£lionis^mau3k. See Page 4. 

Thefe Three Examples, I prefume, m^y be fuffident to Ihew 
the young Learnei the Method of SuhftraSlifg^ whole Numiers; 
as for the.Reafon thereof it's the fame with that of Addition^ 
Page 10, viz. of the Whole ieinjf Equal to all its Parts taken 
together. 

rhat is, in this 1^«& the Numher from which SulJiraSihn la 
required to be made, is underltood to be the Whole, ^d the 
Subtrahend or Numher to be SuhfiraEhd^ is fiippos'd to be a part 
of that Whole ; confequently it thai Parr be taken frome the 
Whole the Remandex will be th^ other part. 

From hence is deduced the common Mediod of proving Suh^ 
fira^ipny by Adding tc^ethcr the Subtrahend and the Remmndjer. 
For if the t^m of thofi Two (which are hete called Parts^ be E? 
qual to the Number from whence ZubflraBion was made (whicl| 
is here <^ed the Whole) then the Work is Right j if not, qar^ 
nuil be taken to diicover and correfl the Error; 

Ffpwi 59455 '' 
Take 476087 ^^ , 

- ■,i.,. > Ada 
(ix8€7 3, 
RdoK --^^^-^sThtSum which is ^ual to the Number from 
' 1 59455 i whence Subfiracfion was made, 

^ Oc 



^4 antl^etiCft^ Partis 

Or from the abovefaid Reafon, it will be €^(y to conceive how 
to prove the Truth of SuhftraSliopt hjSuhJiraSliM. 

For if from 5P43S hang here the whole, 

there be taken 47608 as part of that whole j 

there will Remam 1 1827 the other part as (before) 

And if from 5P435 the whole, there be SuhftraSied the 

laftpattjvfz. 1 1827 

there Will Remain 47608 the firfl part, or Number which was 
required to be firft Suhftra/Eled. ^ 

From 7000000 
Take 986452 




66643 Remains 6015568 



Sea 4. Oj ^fi{ditation. 

SP|aItipIicafldn is a Rtde by which any given Numlet may be 
fpeedily Increafed, according to any propofediN^in j^«r of Times. 

Tbat^ iSj One Nupiber is faid ft> Multijiy another, when the 
Number Multiplied is fo often Add6d io it f elf, as th^re are Units 
in the Number Multiplying : and. another Number is produced^ 
(EucUd, 7.Def. isy 

To perform Multiplication^ there is required two given Num^ 
ifersy called FaSttrs. 

The Firft is that Number which is to be Multiplied, and 13 
generally put the greateft of the Two Numbers, commonly call'd 
the Multiplicand. 

The other is that Number by which the Firft is to be Multi'^ 
fUed, and is ufualfy called the Multiflicator or Multiplier; and 
. this denotes the Number of Times that the Multiplicand is 
required to be Added to it felf. For fo msiixjjjnits as are con* . 
tained in the Multiplier, fo many times win the Multiplicand 
be really Added to it felf ( /jj />^r Euclid above.) Ana from 
thence will arife a Third Number, called the ProduB. £ut in 
Geometrical Operations it's called the ReSanglc or Plain. 

For inftance; fuppofe it were required to Increafe 6 Four 
times, that is, to Multiply 6 ifito or with 4, thefc Two Number^ 
ve 10 be fet (or placed; down as in Addition or SubfiraSiion^ 

Thus 
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ProduEl 24 viz. 4 times 6 is .24, as 
iyf Addition^ viz. By Semng down 6 Four 
cunesy and Aen adding tbem together into one 
Sm^ Thus 

Ffm hence it it Evident that Multiplication 
isifgly a Concife or Compendious JFay of Ad- 
fing iwjf given Number to it felfy fo often ns any Number of 
Times may iefrpfojed. 

Before any Operaaon can be readily performed in Multipli^ 
fetion, the feveral ProduSls of the fingle figures one into ano- 
ther muft be perfcdUy Leam'd by Hearty viz. That 2 times 2 is 
iU that 3 times 3 is p, and 3 times 6 is 189 Qc. According as 
tuey are exprelled in the following Table; Wherein I have 
oomted Multi flying witb 2, it being fo very eafy that any one 
majrddit. / 

Midtiflication Table. 




3X3= 9 

3X4=12 

3X5=15 
3X6=18 
3X7=21 

?X8=24 4x^=36 
3X9=27 



4X4=16 

4X5=20 

4X6=2 

4X7=21 

4X8=32 



5X5=25 

5X6=30 

5X7=?5 
5X8=40 

5X9=45 



6X6=36 

6X7=42 
6X8=48 

6X9=54 



7X7=4918X8=64 
7X8=568x9372 
7X9^ 9X9^51 



I think it needlefi to give any Explanatfm of this Tahle 5 
for if the Signs and their Significations be well underftood, {vide 
f(^e^) it muft needs be eaiy. Only this may benoted^ that 

4X3=3X4. or 7x5=5X7, 8^- 

That is, 3 times 4 is the fame with a dmes 2, or 5 times 7 
is the lame with 7 times 5, ,Qc, The like muft be underftood 
of all the reft in the Table. 

And when all thefe fingle ProduEls are fo perfeflly Lcarnd 
by Heart, as to be iaid without paufing ; you may then proceed 
(but not till then) to the Bufinefs of Multiplication j which will 
be found very ealy, if the following Rule (and Examples) be 
carefully obferved. 

Rule 

Alvoass legin nmXh f^/2f Figure which ftands in ih? Units fiace 

^ftbe Multiplier, and with it Multiply the Figure v:hich Jiands . 

: ^ in 
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in the Units fkce of tbe Multiplicand ; if their ProduS te Left 
than Ten^ fet it dawn undemeetb its owi flace of Units, and 
froceed to the next Figure of the Multiplicind. But if tbeir 
Produa he above Ten (or Tens J then fet datm the Overplus 
cnly (or odd Figure, as in Addition^ and hear (of csarrj) tbefhid 
Tea or Tens in mind until you have Multiplied the nent Figure 
pf the Multiplicand, ^itb thejame Figure of the MdtipSer ;. 
then to their Produft Add the Ten or Tens h eared in mind ^ fet" 
ting down the Overplus of their Som'ahove t^ Tens, as hefire: 
and fo proceed on in the .very fame maxnery ftntil dl the Fi- 
gures of the Midtipficand are Multi{£ed nmtb that Figure pf 
tbe Multiplier. ^ . , 

Example i. 
' Soppofe it were required to multiply 3213 into ot with ^l 



'"iS-p^'h^^- 



ProduB 96^9 

Beginning at the Units place, fay 3 times 3 is p, whidi, be* 
cauie it is lefs than Ten^ iet down underneath its own place, 
and proceed to the next place of TenSy ikying 3 times l is 3, 
which (et down underneath its own place; then to the next place, 
viz,, of Hundreds^ faying 3 times 2 is 6, which fet down, as 
before ; lafUy, at the place of Thoufands, iky 3 times 3 is p, 
which being fet down underneath its own place, the Operation 
is finiihed; and the true ProduS-is p63P==:32i3X39 ^ viras re- 
quired. 

Example. 

Let it be required to Multiply 8569 into 8. Set down dicfe 
Numhers as before, 



Thus ^ 



8569 
8 



68^52 
Beginning at the Units place, fay 8 times p is 72, fet down 
the 2 underneath its own place of UnitSj and bear the 70, or 
7 Tins in mind, and proceed to the next Figure of the Multi^ 
^/;V<2«rf( at which place the 7 Tens are only 7) fayij^ 8 times 
6 is 48, and the 7 carried in mind is 55 ; fet down die odd 5 
underneath its own place of Tins^ and carry the ^o (which is 
really 500) to the next place (vvl. ol Hundreds) at which 
place it is only 5, where fay, 8 times 513 40, ana the 5 car- 
ried in mind is 45; fet down tibe 5 underneath its own place, 
and^ carry tlic 40 or 4 T^ns Cwhich is really 4000^ to the 
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oat place, ifa. of TBoufandSj faying, 8 times 8 is 64, and 4 
carried in mind is 68. (Now this being the laft place or FigUf^ 
to ic Multiplied) fet down the whole ProduS 68, and the WoA 
is doite. 

So that, 856px8==68552, the Prodiia required. 

Now tjie Reafon of this and all other the like Opietations, may 
ht taOf conceived from this which follows. 

^^^ly Thefime fagors as before. 



M 



' J i" Here 8 times 9 is 72, as before, becaufe the p 
j^C Hands in the Units fhct. 

! C Nowhere it is not really 8 times 6—48, but it /is 
480^8 times 60=480, becaufe the 6 fiainds in the place of 
1 ^TeJts. 

I C And hare it is not .8 times 5=40, but it's really 
40CD^8 times 500==4000, becaufe the 5 ftandis in the place 
cof Hundreds 
I -C (Laftly, becaufe the 8 in the MukipHcand fiands 
3C|0Sin the piace of the Tbaufandsy it's therefore 8 tfanc* 
n t8ooo.=64000, and not 8 times 8=64. 
^jTr; f The Stim of thee particular ProduBSy whicH gives 
>^ Idle true ProduSty as before. 

But what hath been already laid, with a little Consideration 
fed to the Examtlesj I prclume the Learner may ealily under- 
feed how to Multiplj whole t^umbers with any fingle Pjj^re. 
And when it is requir d to Mfdtiplj with more than one ; then 
» many Figuers as there are in the Multiflety fo many parti- 
odar Produas there mufl be. 

That is, ai the figures of the flfultiflifand mufl be Afa/f /- 
pied widi every fingle Figure of the MuHiflier as if there 
*ttc but one fingle Figure : and the Sum of all thofe particular 
^oduSiSj will he the true ProduB required ; but in ail thofe 
Operations, great Care muft be taken in fetting down the par- 
|ticular Proi&as (which arife by each Midtifljif7g Figure) in 
^f»r proper places. Which will be eafily done, if the tbUowing 
wicaionsbe carefully obfcrved. 

C Always place the firft Figure (oi Cypher) of every 
r^.< particular ProduSlj direflly underneath the Jktuhipl}^ 

Ci^g Figure, Or thus: 
The Firn Figure (or Cypher) of the fecdnd f Articular Produfl 
^ft ftand direSlh under tb^Jecond Figure (orp-ace) of the 
iftrfi Produft; and the Firft Figure (or Cypher^ of tb^ Third 

U fgrticular 
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f articular Produft, muft fiand JireEily underneath the Tbh 
Figure of the Firft Prodaa ; And Jo on until all is done. 
Now the Realbn of pkcing the firff Figure of every particul 
ProduEi in their Order, will be very obvious to any one th 
confidcrs the laft Example; wherein the Cyphers are only i 
down to Ihew the true Diflance of the firft Figure in ca 
particular Product from the Units place. And altho* it is n< 
ufual to fet down Cyphers in this manner ; yet they are alwa; 
fuppos'd to be there : That is, their Places are alwaiys left voi 
as in the two follo\ving Examples 5 wherein I have placed Poim 
inftead of Cyphers. 

Example 3. 
Let it be required to Multiply 78094,. into or with 7565. 

2J4282, The Firft particular ProduSl with 3 

468564 . The Second particular ProduSl with 60 

390470 ' • The Third particular ProduSl with 5C0 

546658 - ' • The Fourth particular ProduSi widi 7000 

590624922 The Total, or true ProduSl required. 

Example 4. 

Suppofc it be required to Multiply 57498 into 60008. 

574P» 

60008 i 



459984 The ProduSl with 8 

344988 • • • • The ProduSi with 6qooo . 

3450359984=57498 X 69008 as was required. 

Here yon may obferve, that I pafs ovc^ the Cyphers, and on 
lake care of placing the firft ProduSl of the lait FigHre, viz, ( 
60000 according to the foregoing Deredions. 

When there is a Cypher or Cyphers, to the Right-hand eicb 
of the Multiplicand or Multiplicator, or to both; in that ca 
Multiply the Fiffires as before 5 ncglcfting the Cyphers unt 
the particular ProduSls are added together; Then to their &fi 
annex fo many Cypbeff as ar^ in eitbec or both the FaSio^ 
As in thefe: 

\ 
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Exmfle 5. 


Example 6, 


Examfle 7, 


9538 

4600 


87600 
79 


785000 
56900 


' $7228 
38152 

4?8748oo 


■ 7884 
6132 

^920400 


7065 
4710 
^925 


44666500900 



^fks afev) Examples without their Wcvk at large. 

75^49X579=43800771 

. 687000X356=244572000 

530674X45007=23884044718 

7Poi375X30pco=:2;704i25oooo 

537084000X590700=317255518800000 

i0203O4O5X5040302Oi=5i42640554O2'6i405 

98765432iXi23456789:;:ri2i?3264iii263526f? 

Noiey If it be required to Multiply any Number with xo, 
100, 1000, loooo, 8r. it*s only annexing the Cyphers of the 
Multiplier to the Figures of the Multiplicand^ and the Work is 
done. 

; TTiDsi^^SXio =5780 . 578XX000 =578ooQ 
I 1578X100=57800. 578X10000^35780000^ &c. 

'^ Thefc Examples (being well underftood^ are fufficieiit to 
inftruft the Learner all the Varieties that cai> happen i:\ 
Mtltiplying of whole Numbers^ according to the Mcthoc|' 
pncially praSifed : However it may not be amifs to fliew here 
icm Multiplication may be performed (with many Figure 0^^ 

. Mlitioft only 

Example. 

Let it be required to Multiply 879654 into jpSS^. 
I In order to perform this (or any other Operation of this kind) 

fcy Addition only ; you muft make a TarifFa or fmall Table of 
' *^ given lAultiplicandj in this manner : 
' Pi^fiy Make a fmall Column, and in it place gradually down- 

W^d the Nine Angle Figure s^ viz. i, 2, 3, 4, '5, 8f, 

P 2 Then 
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TJicn againft the Fiffire J, fct down the Mulii flic and 
{which, in this Exatnfle is 879654) and againft the Figure 2, 
fet down the double of the MultipUcandy found by Addtnfg 
it to it felf; To this double. Add the MulXiflicandy fetting 
dowii their Zum a^inft the Figure 9. And 
io proceed on by a continued Addition until 
there be Ten times the Muliiflicand in the 
Tdble^ which if the Work is true, will be the 
Multiplicand it felf with a Cypher to the 
Right-hand of It (as in the Annexed Table) 
this being done, it will be eafie to conceive, 
that the Figures in che fmall CcJuwn of^the 
Tahle, do tefpeSively reprefent thofe of 'the 
Multiplier: And that the Numbers againft 
any ot thofe Figures m the fmall Colufnn, will 
be the true Frodu6i of the Multiplicand 
agreeing to any Figure of the Multiplier 5 as planly appears by 
the yN oik of this Example. 



87P554 

?35i86i6 

5 [4398270 

6 5^77P24 

7 {61 57578 
817034.232 
97916886 
1015796540 



Then 

Againft 3, in the Taik: is 
Againft 6, is 
Againft 8, is 
Againft 9, is 
Againft 7, is 



^79^^41 The Favors as before 



2638^62 
' 5277924 
7037232 , 
7916885 
6157578 



=^879654X5 

==879654X60 

?p=879654X8oO 

=879^54X9000 

=879654X7000^ 



Tb-' ProdnSl required 702 5 1807402 ;=:879654X7P863 

Note^ This Method of Tabulating the MuUiflicandj is both 
cafie and certain; behig neither fubje6l to Errors, nor.burthexir 
fome to die Memory, and therefore in large Calculations it may 
be found very ufeful. But for common Praflicc the uftiui 
Method (as in Page 18 Sf.) is beft^, and to be prcfe^r 4 before 
this. " "' ' '' . ; 

Moft Mafiersthsx teach (andfeveral yrf«ffear^ that write of^ 
'Jrithmetickj do teach to prove diip Truth oi'Multiftlc^io?iy by 
(bafting away all the Nines tjiat are cqntain'd in both the FaSlnfs^ ' 
and their ProduB; but becaufe that Method is very erroneous, 
as might be eafily lliew'd ; I ihall therefore opiit inferting it^ 
iind leave the Proof oi Multiplication to the next Seffion^ 
tvherem { I prefume ) the Reafon an4 Proof, borfi of it, and 
l>itifion^ w4| plain)^ appear. •-''-*"• 
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^ fi)ll9tfiOII is a /?«/<? by which one Number may be fpecdUy 
; ^ubfiraSed from another, fo many times as it is contained 
: ch^ein. 

Tljac is, k ipeedily difcovers how often one Number i$ 
.coqtained (or may be found; in another: And to perform that 
dbere arc required Two Numbers to be giv^n. 

1. The one of them is that Number which is propoftd to be 
JJividedy and is called the Dividejid. 

2. The other is that Nun^^ by which the £ud Dividend is to 
I be Divided^ and is called the Divifor. 

And by comparing thefe Two, viz. the Dividend and the 

; Divifor together there will arife a Third Nurnber^ called the 

Qu&ttenf; which ihew how often the Divifor is contained in 

the Dividend, or into what Number of Equal Parts die Dividend 

is then divided. Therefore, 

Diyifion is ly BJudid jffh termed the Menfurir^ of me Nura^ 
ber Ij oHoiberj viz. one Number is faid to Meafuxe aoother bf 
that Number^ which when it Mahifliesy or is Multiplied b]f 
it, it produccth. Euclid 7. Def. 2> 

And, if a Number nteajuring anoiber. Multiply fbaf Number 

ij vnbich it Meafuretb, or be Multiplied by it, it producetb the 

J^acdbeit wbicb it meafurelbj, 'Eudid. 7. Axiom 9. 

^That is to iay, |f that Number which Divides another (called 

the Divifor) be Multiplied with the Number which is produced 

by Divifion ("called the Qs^ient) fheir TroduSl will be the 

Number Divided or Dividend. Whence it feUows, diat Divifion 

and Multiplication are the Converfe and'DiroS ContraKy one to 

another ( as SubftroElion is to Addition^ and do mutuially prove 

the Truth of each other's Optraiions. 

I ihall therefore make choice of the forcing ExAmples in 
Multiplication^ in order (as I prefume) to render the Bufinefi 
of Divifion more plain and eafie. ' 

Fiift,Ietit be required to&id i¥)W<>&cn ^ is contained in 24. 
That is, to i[)?w<^^ 124 by 6. 

N.£. Alv^ys place down the given A^^^r^ in this Order; 
Firll fet down die Divifor, and. to tie Right-hand of it draw 
a crooked Line; ^hcn fet dofmtbe,Z)w^«i?, and to the Right 
of It draw another crooked Liae^ in which muft be place4 the 
toff^rf 'Fimr£y otFifj^es as they bccomf fouq^. 



i8 
6 

12 

6 
6 
6 
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Dividend 
Thus Divifor 6) 24 (4 iiht QtioiienU 

Here I confider how many times 6 there u in 24,. and find 

lit 4) i;z2;. 4 times 6 is 24, therefore 4 is the true Qjiotient oc 

Anpvoer required. 

This 'is apraent by Zuhfira^ion^ ^ ^ 

as. ill the Margin, where 24 the ^ IC 

pividend being fet down, and from -g So 

it 6> the Divifor is continually wctl 

ZuiftraEled fo often as it can be, -S ^ 

which is juft 4 times. Therefore 4 S "^ 

is the true Qftotiertt or Anfwer ^ f 

required^. § k^ 

t 

Corollary. 

From hence it is evident; that Divifion is but a Conctje 01 
Compendious Method of SuhftraEling one Nwiber from another, 
fi> often as it can be found therein; for if the Divifor be 
continuaUy SuhftraBed from xht Dividend^ accounting an t/«/f 
for 1) ior each time it is SuhpraSiecfijsis above) the Sum of thofe 
17wfj will be the Quotient. ■ 

All Operations in l)ivifion do |begin contrary to thofe of 
Multiflicationy vi%. at the Firft Figure to the Left-hand, or 
that of the hi^eil Value, and Dccreafe the Dividend by a 
repeated SuhJtraSlion of each ProduEtzvSxag from the Diinjof, 
when' Multiplied into the Quotient ^^ Figure. And the only 
dtfipulty in Divifion of wbqk Number^ ( or indeed of any 
Numhers) lies in making choice of fuch a Quotient Figure, as is 
neither I'oo big, nor Too little ; and that may be eafily obtatad 
by obferving the following RMky vyhich (utlf two Cafes. 

Rule, 

* Cafe I. As often as the Firft Figure of the Divifor is taken 
from the Firft Figure of the Dividend : S^ioften tnuft the Second 
Figute of toe Divifor he taken from the Second Figure of tbe^ 
Dividend, when it's joined nrith what Remains of the Fi^fi* 
And as often muft the third Figure of ths Divifor be t^n frm 
the r^iri Figure 0/ fi&^ Dividend, @f. 

But if , the Firft Figure 0^ the Divifor cannpt b^ taken fwtP 
XhtVvifk Figure oi i\i% Dijfid^^ 
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Caft 2.. So o//^« ^i /i&^ Fir ft Figure 0/ fi&4? Divifor, is take ft 
from the Two Fi^ Figures of the Dividend, /o often mufl the 
Second Figure of the Divifor le taJtn from the Third Figute of 
the Dividend, when it's jojned with what Remain d of the 
Second: Andfo^ten muji the Third Figme of theDiv'kotie 
taken from tbefFigare of the Dividend, 8^. 

That is, the Quotient Figure muft be fuch, as being Multiplied 
into the Divifor j will Produce a ProduS Equal to fuch a part 
of the Dividend, zs is then taken for that Operation: But if ludi 
a ProduSi connot be exadly found, then the next lefs muA be 
taken, and ordered, as in the following Example; of which let 
that in Page 16 ot the firft, wherein there was given 8569 the 
Multiplicandy2md S the /Multipliers To Snd±t ProduSi 68%^2. 
Let us here fuppofe the laid rroduSi 68552, and 8 the Mul- 
tipIieTy both given; thence to find the Multiplicand* Tliat 
is. Let it be required to Divide 685^2 by 8« \ 

Dividend 
Divifor 8) 68552 ( Quotient when found. 

According to the JRule^ Cafe 1. I compare 8 the Divifor with 
6 the Firft Figure of the Dividend, and finding I cannot take it 
firom that; I then corifider (by Cafe 2.) how often 8 can be 
taken from 68, the Two firft Figures of the Dividend, and find 
it may be taken 8 times ; for 8 times 8 is 64, being the greateft 
ProduSi of 8 ( into any Figure ) that can be taken from 68. I 
therefore place 8 in the Quotient, 2nd with it Multiply 8 the 
Divifor^ fttting down .their ProduSi underneath the 6id Two 
Firft Figures of the Dividend^ SuhftraSling it &om them, and 
then the Work will fiand 

Thus 8; 68552 (i 

64 • 



In order to a Second Operation, I make a Point under the n€xt 
Figure of the Dividend, viz. under the ^ and bring it down 
underneath its own place to the . Remainaer 4, which will by 
that means become 45. Then I confider how mafny times 8 oan 
be taken from 45, and find it may be 5 times; for 5 times 8 is * 

Jo, I therefore ^place 5 in the Quotient, and with it Multify 
the Divifor, fctting aown and SuiftraSimg their ProduSi, as 
before. Then th« Woik will ftand 

Tbu^ 
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ThUB 8) 68552 (81 / 

45 

40 

Fcx a Third Oferaion, I make a Ptf/vf under the next 
Fifftre of the Dividend, viz. under the 5, and bring it down, 
as before, proceeding in all reQeds, as before ; and then the 
Work will ftand 

Thus 8) 68552 (856 
64* • 

55 

40 ■ 

1 

La%, 1 point and bring down the 2, viz. the laft Figiere 
of the Dividend to die Remainder 7, which will then become 
72, and ptoceeing as in die other Oferations^ I find that 8 the 
Divifar can be taken juft nine tines item. 27, and the .Wodc is 
finiihed^andwiQAand . 

Thus 8) 68552 C856^ 
64*** 

45 

40 

"$ . 

(0) 

The True daotimh found to be 856^, feeing exaaiv tha 
Efghtb part of 68552, or the Multiflicand of the -propofcd 
Enamfle ol MuHtplicalion. As was required. 

The Reafon of the Operations will be very dain to anw one 
that wiU a litde cot&L of k as foUows, *^ **«*"«» ^J one 



ot mtiftdti' 
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t)ivifor8J 68552 8ooo. The Firft Quotient ot Figtre. 

This ProiuSi of the Dhifor into the 



SuhftraB 

DmforS) ' 

Divifor 8) 
Suhftracl 

Divifor 8) 

Suhftraa 




j This ProiuSi of the Divifor into the 

I ^Quotient is 64000* viz. 8 times 80CQ, the 
o o^ Quotient Figure being always of the lame 
' J Value or htgree with that Figure under 
^ which the t/»/^s place o£izs ProduSl ftands. 



4.0 



I C500. The Second Quotient Figure. 

{And here the Produa is 4000, viz. 8 
titiies 500, not 8 times 5, 8r. 
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I (60. ITie Third Quotient Figure. 
r AJfo l^erf the Prod?«^ is 480, viz. 8 
^ times 60, for the Reafons ^boveftid.. 




(9. The Fourth Quotient Figure. 
Nowhere the Produ^ is but 72, viz.' 
9 times 8, becaufe the 9 ftands in the place 
of Units. 



Remains (0 0) Now the Sum of all the feveral Quotient Sy 

viz. 8000 -[-500-f-6o-f-pzr 8569, as before, 

. If die Procefs of this Example be well confidered and compa^ 
red with that of Multiplication y Page 17, it will evidently ap- 
pear to be only the Converfe of that ; for the particular Prc^ 
duQs are alike in both, only that which is Laft thei;e^ is pirji 
here; there they are Added y here they are SuhftraBea. So that 
whoever underftands the true Rhafon of the one, muft needs 
undcrftand the Reason oif the other, and then Vivijim will be- 
come very Eafy, although the Divifor confifis of iev^ral place* 
of Fi^dres. 

Example. 
Let it be required to Divide 590624922 by 7565. 
r Dividend 

Divifor 7563^ 590624922 ( 

Tis plain at fight, that 7563 the Divifhr^ Gonnot be tt\^ 
60m 5906, the like Numhr of Figure* in the Dividend. 

Therefore, by the Second Cafe ot the R^le (Page 23 J there 
laallbe allowed Five F/jjar^j of the Dividends viZi 59062 f^r 
t^^Firfi Operation ot Quotient ; that fo the Firfi Figure y of 
the Divifor may be taken out of the Tv/o Firji F^guresyvizu, 59 
&f the JDiri^foW, *c, 
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Then t proceed (fir Cafe 2*) and confidei how often 7 imiy 
be taken &om 59, and find ft may be taken 8 times, for 8 
times 7 is but 56, which I mentaDy SuhftraSl from 5P, and 
there Rtftnains 3 ; to this 3 I mentally adjoyn the TbWd Fimre 
dl the Dividena^ viz. 0, which makes it 30, out of whicn I 
muft take the 5^ro«^F;^r^ of the Divifoty vi%. 5, fo often as 
I took the 7 from 59, whidi was 8 times : But that cannot be, 
for 8 times 3 is 40, which is more than 30, therefore 8 is too b^ 
a Figure to be placed in the Quotient; yet, hence I conclude, 
that the next Leis, viz. 7 may be taken without any funbet 
Tryal. I therefore place 7 in the Qmtienty and with it Mult if h 
the Divifor, fetting down their PrcJuB under the DiviJena^ 
and Su^ftraa it firom thence, as in the other Example^ fbid then 
the 0^rife will fland / 

Thus 75<3J 590624P22 (7 
52P41 

6121 

In order to a Second Oferiaioft^ I make a Po£«f under the nexf 
Figure of the Dividend^ viz. under the 4, and bring it down 
to tht Remainder 6121 j which will then become 61 214, with 
which t proceed in all rdpeds as I did before with the 590625 
and find the next Quotient Figure. vnH be 8, with which I Mut- 
fiflj the Divifor, Sec and mbftraB their FroduS Bkxbl tiic 
tm 61214, Then the Work will ftand 

Thus 7563^ 5P0624922 (78 
52941 ' 




710 ^ 

To this Remainder 710, I point and bring down tlie next 
Figure of the Dividend j viz. p, which makes it 7|0p ; now 
becaufe the Divifor 7563 cannot be taken from 71OP, I there- 
fore place a Cyj>her in the Quotient. 

And this mufi always he carefully ohfervedy viz. That fdf^ 
every Figure or Cypher, which is brought down from the Divi- 
dendl, in order to a new Operation, there mufi always he eitben, 
4 Figure or Cypher, fet down in the Quotient. ^Tfaeii (^ Worl{ 
will ftand ' ' 

1^ 
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'^^'*w» 7563) 590624922 (780 

6I2I4 
60504 



7109 

To this 7ic^, I bring dowa another Figure of the Dividend 
^w. 2^ and them it wiH become 71092 ; then I confider how 
qfea7auibe taken fbqpa 71, 8f. (juft as at the firft Operation,) 
and find it may be taken 9 times, therefore I fet down 9 in the 
QMoiienU and with it Multiply the bivifor^ fetting down and 
pittfiraiUfrg their frodbia, as before ^ Then the Work will fl.^d 

Thus 7563) 5906^4922 (780^ 
52941 • •• 

61214 

60504 



71092 

60067 



902^ 

To tius Remainder 9025, I point and bring down the la(i 
Iti^ure 2 of ftc hividendy which makes it 50252; then pro- 
ceeding iti all i6^£ts as before, I find the Quotient Figure to 
be 4, with it I Multiply the Divifor^ letting down and Suti 
$raEliag tiieuc Produ^ as before, and then the Work will lfaui4 

'Thus 7563; 590624922 f 78094 

61214 

60504 

71092 
68067 

5^0252 
50252 

■ ■ Ti ll *' w» — 

(OQOQO) 

nttt^bt Wo* fa Prided, arid I find the Quotient to be 78091; 
teftg «ie ttsxMultifhcand of the proposed Example of Af«/«* 
flicdfion^ Page 18* • « 

That ifc 7565 13 pontajned in 590624922 Juft 78094 times, gr. 
^ * E 2 ** 
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If the Work of this Example be coniidered and compared 
with the Rale (Page 22.^ the whole Bufinefs of Divifiov wiH ' 
be eafy ; for indeed the only Difficulty fas I faid before) lies in < 
making choice of a True ^«of/V«f Figure, which cannot . well '1 
be dvone according to the Common Met£od of Divifiony without i 
Trials, yet thofe Trials need not be made with the whole Divijar 
(.as appears, by 4his laft Example) for by the Two Firft Figures 
of the Dhifor all the reft are generally regulated ; excepc the 
Second Figure chance to be 2, 3, or 4, and at the fame time the 
Third Figure be 7, 8, or p, then indeed refpeft muft be had to 
the Third Figure, according as the Eule direfts. 

However, if thofe Trials are thought too troublefome, thgf 
may be avoided, and the fame Quotient Figure may both eafilf' 
and certainly be fomid by help of fuch a fmall Table made of 
the DivifoTy as was of the Multiplicand in Page to. 

Example 4. • 

Let it be required to Divide 70251807402 by 7986::^. See 
the Example of MultipliintioHy Page 20 and as there dire&ed 
make a Tahle of tbff Divifor 79865, 
Thus, 

Divifor^ Dividends 

1 79863^ 70251807402 ( 87P654 Quotient. 

2 159726 638904 : The Work jof thb Operation 

3 239589- 6'>6i40 ' prefume 4nay be caCly under- 
43^945^ 559041 ^'^^^' ^^^ ^^''c Figures in the 

5599.^15 75 ^^^'^ ^'^ *^ Product of the 

6479178 ^'^^Z divifor into all the 9 Figures^ 

7559041 7^0707 confequently thofe Figures m the 

8:658904 552364 fmall Column do fhew what 

9.71876 7 479JL78 Figure is to be placed in the 

^^^^^ 431260 motient^ y^i^^^ doubtful 

j/ywu^v^ 399315 Trials of the Dtvtfor with the 

— ^^^ Dhidend^ ^ before. 

(000000) 

This Method of Tabulating tlic Divifor may be of good Ufc 
to a Learner ; cfpeciaJlv untD he is well prafiifed in Divijion ; 
yea, apd even then if the Divifor be large, and a Quotient of 
many Figures be required 5 as in Refolving of high Equations 
a*d Cakulatijig of Jftrmtomical Tables^ or ttiofe cf latereft, {§c. ' 

\ Hitherto 



pb 



hap.2- 0(^tbiUim. aj^, 



Hitherto I have made choice of Examples wherein the Dm** 
9d is truely Meafured or Divided ofif by the DivifoTy without 
Lving any Remainder ^ beinp thofe as were compofed of the ' 
ivifor tod Quotient . But it moft u&ally falls out, that the 
ivip^ will not exa£Uy meafure the Dividend i in that cafe the 
Remainder (^after Divijion is ended^ mufi be fet over xbi^Divifor 
witha finall Line betwixt them adjoyning to the Qttatient, 

Example 5. 

Soppofe it were required to Divide 37^ by 5J 
<1 ctyo (vKt- theKcicamder. 

^j 37y vy-jT ^^ pj,y.^^^ 

Remains (4) 

Example 6. 
hffiny Let it be reqmred to Divide 43789 by 6f. 

^7) 43789 (^53i7 ^^ 'I*^^ Quotient required; 
402* • 




Remains (^8J 

How fuch Remainders thus placed over their Divifif^s ^wtjcll 
lie indeed Vulgar FraSionsJ may be otherwife manageo, fhfdl 
be ihew'd fother on. 

M B. When the £)/V/7«^'happens to be an Unity viz. i, with a 
Cypher or Cyphers annexed to it, As lo, 100, lOOOj &c^ Divipon 
is truly perK)rmed by cutting oflFwith a Point or Comma, (b many 
Ftgiires of the Diviier^d as there are Cyphers in the Divifor ; then 
are thoie Figures fo cut off to be accounted a Ifemaindery and the 
reft of the figures in the Dividend will be the true Quotient requi* 
rd^ becaufe an Unit or i doth neither Multiply nor Divide. 

Example 7. 
. Let be required to Divide 57842 by 100. The Work 
may fland thus, 100) 578,42 the Quotient Required; or 
diDs 100^ 57842 ("5787^1- tiiic fame as before. 

Hence it follows, that if any Divijor have Cyphers to the 
Rig^it-lmid of it^ you may (UC off fo p^ny of ifi^ laft Figure^ 
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in die DhideHd^ and tUviie (3ie other Piff&es of tfad Dividend 
hi ^ofe FHfUrs of the DM/ttf flttt dre left when die Cypher, 
ntt omttte£ But when Dhijtoft is ended^ diofe Cypher^ i 
MIkied in ^Dhifir^ and the fV^sr^j cut df in the Diwide^ 
tie both to be teilored to their own fbces. 

' ExMmple 8- 
&ippoie it were required to Divide 67^^69 by 54cx^» 

Uoo) 67^^69^(12% 
54- 




Xentfiios (4) But die True Rimmid^ is 4^« 
Coil&qpient]y ti]Ms Ttue ^tf^f 2tf7ir i^ 125^^^ 

As to the manner of proving the Truth of any Opecarikxr; 
cither in MulxifVtcation or DivifioTty I piefiime may he eafflf 
underftood, by what is delivered in Page 21, compared with 
ihe Three Firft Examples of Divijion; Forfiom thence it wiB 
be cafy to conceive, that if the Divifdr and Quotiemt he 
Multiplied together, their FroduSi (with what Kemains after 
DivifiOTz being added to that ProduSi) wU be eqinl to the 
DivideJud. As it the Fifth Efcampky wherein fiie hwideftdvi 
^79^ the Ditifir is 5^ the Quotient is 75^ and die Remainder 
is 4. • 

I lay, 75X^=37Si to which Add die Remainder 4, it wiQ 
be 37p; 

Again, id the Si'xdl JBttrnple, die Dm/or is 67, d^e Ciuoti^itt 
i^ 6^^, and ^}eAemander is 38. 

Then ^'$3X673^4375i,arid4375i+38=^978pdicZ);^/i^/, 
&C. ^ ^ 

There are fever al ujteful ContraSli^nSj loth in Divilion and 
Mukiplicatibri, wbkh 1 have purpdfely omitted until I come to 
treat of Decimal Arithmetick. AJfo I have omitted the Bulinefs 
of Evolution or Extra£ling of Roots, until forther onj and fo 
ihafl condude thi^ Chapter with a few Examples of Divijion 
miw/ought it large^ leaving them for the Le^mef s Prance. 

579) 4#07ri ^75*4?, 
Or 75649; 4J8?^7I 075^- 

45007; 



/" 
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4^007) 23884044718 ^530674. 

Or 530674) 23884044718 ^45007* 
356) ;24457200O ^687000. 
%96oo) 57659066400 (967434J 
10000) 679543820000^67954382. 
79) 282016 ("356941. 



CHAP. in. 

}KcemiHgi SlVt^itian and f^ttbffratf ton 0/ Numbers iffdif- 
fwott Denominations, and bow to Rechice tbem from 
m Denomination to another. 

S E C T. 1. 

I. 0/EngWb Cof». 

TH E kaR Piece of Monn u^ in ^gland is a Farthif^^ 
and fiom thenoe arUech the re(^ as in this Tahle. 

ft«*. r 5 J. is a Cr079H. 

4fcl2^Li.^!L V ^^-S^-aAb^i^. 

963=240=20=1 /. found Siffhng. C x? ^•4^^ a i^^ri. 



Note^ When /• J. iJl f • are placed over f ^ U tbe Rigit^boMd' 
•f) NunAersj they denote thofc NunAns to figoiiy Boundiy 
mlliffgSy Pence ^ 2sAWaf things. 

L J. if. ;• 

As 35 10 6 2. Or 35 /. 10 s.6id. Either of theft 4q 
Cgnify 25 founds J IQjbilHngSj 6 pence j ^ farthings. 

The &me muft be underftood of all the foUowipg tbaraSlnh 
hcbnping to their rrfpcftivc T(id;le5y vi^ Of M^eigbts, Afif^ 

2. TroyWei^f. 

j The Ori^nal of all W?(gi&ff ufed in Engfandy was a fijir;^ oP 
Wbfat gatheied oat of the Middle of the JEtr, and beijig well 
dried, 32 of them were to wajce one Penny Wf^ighty 20 Penny 

Wei^ 



3^ aritl^mettCft. Partis 

Weight one Ounce^ and 12 0«w^j one Pound Troy. Vtie\ 
Statutes of 51 Hen. j. 31 /5/w. i, 12 !&«, 7, 

But in later Times it was thought fufSdent to Divide the 1 
aForefiid Penwf Weight into 24 Equal Parts, called Grains^\ 
being the \t^ Weight now in common Ufc ; and from thence 
the reft are computed as in this Talle. \ 

&^ ^ r ^ Troy might tue^l 

2^=±iTjf. freight. \ weighed Jewels ^GoU, 

480SS 20— loz^oimce. .-^^^S Silvery Com^ Bread^ 

7560=240=12^1 lb Pound. ^and all Uguors. 



Befides the common Divifions of Tr^ Weighty I find in 
j*«gff^ Notitiaj or, r*^ jPr^/^»t Sf^f^ o/Efg^and, Printed in 
the Year 1699 that tht: JMoneyers (as that Author calls them) 
do Suidivide the fir/2i«. ^ ^ 

Thtis<^^ P^'^ots=^ 1 Droitey - 

V* J.?4 Uroites^ i l^ite. 

*-20 /fefrftf^ r= I dfr^i», &c. as before; 

3. Apothecaries Weights. 
The Apothecaries Divide a Poiv«^/ Jr^y, as in this 7^^/41. 

jr. Gram. . * 

20= I 9 &rgy fe 

6or= ^= I 5 /) ftf;» 

480= 24— 8:=r l ^gg;gf ^ 

)7go=288=s 95=12=1 lb Troy, the &me as before^ .' 



By tWe p^w^f j the Apothecaries Compound their Medicines: " 
Ijqt Buy and Sell their Drugs by Averdupois Weight. 

4. A^^^tipois Weight. 
. ^^^ Averdupois Weight htcmt minUfe, or by what Lam 
It was firft fettled, I.cannot find our in the Statute Books ; but oni 
the contrary, I find that there fliould be but one Weight (and one 
Meafute) ufcd throughout this Reahni, viz. that of Triy, (Vide 
14£7. 3 and i y^i. 3. So that it feems (to me) tlbc firftj 
introduced h^ Chance, and fettled by Cufiom, viz. ftom giviiig : 
good or large Weight to thofe Commodities as are ufually wcidicd ' 
Ijy It, which ar^ fucl^ as ye either yery Courf^ ^nd Dro^y, or, 

very 
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very febjca to waftc; as all kind- of Grocery Wares. And 
^itcby Tar, Rofin, Wax, Tallow^ Flax, Hemp, &c. Copper, Tin, 
Steely Iron, Lsad, &c AMb FUjh, Butter, Cbeefe, Salt, &c. To 
thefe and the like (I prefume) it was thought convenient to 
aDow a greater Weight than the Laws had provided, which 
happened to be. about a Sixth part more: For I found by a very 
nice Experiment, that one Pound Averdupois is Equal to 14 
Ounces, 1 1 Penny Weight, and 154. Grains Vroj. And it is 
ixw .computed as in the following Table. * • •. 

Df0ms. lb 



1 6= I ^"*^^^' ri^^sza Stone 

2565= 16=1 lb rounds. AniJ^28=J of C. 

28672= 1792= 112=1 C. Bundted. • "^IS^^r of C. 

573440=35840=224(2=1 Tun, .CS4=i <?/<:. 



5. Long Meafure. 

> 

As the leaft part of Weight came at firft from a Wheat Corn^ 
fo (it's generally (aid ) the leafl Part of a Long Meafure was at 
Fifft.a Early Corn, taken out of the Middle of the Ear, and 
being well dried, Three of them in length wctc to make one 
Inch : and thence the reft, as in this Table. 

Early Corns. Ca Nails:=i of B. Yard. 



C4 iVi7/Vj=i 

"j{— I In jMcheM. And^ I J Yardz=i Ell. 

C 2 Yardsssi '^ 



36= 12=1 tf[£5i tz Yards^i Fathom^ 

108= 36= 3=51 rraris. 

594= 198= l6ir= %i= proles. 
23760=: 7920= 66OSS 220= 40=1 ^''rlMg. 
190080=63360=5280=1760=320=1 Afi/^. '^ 



Note, That Forty fi^fe/ (or Perches) in Length, and Four in 
Acadth, do make a Statute Acre of Land. 

That is, 220 Yards, Multiplied into 221^^^=4840 Square 
l^ards are a Statute Acre. 

And according to the TrariaSions of the French Academy^ 
Anno 1687, a P^r« /^bof Rojd is =:=:i2fi Inches Englijh; Six 
of Aofe Feet make ^Toife; and 57060 Toife^z^d^iS^. Bxg/ijh: 
Feet, are the Meafure of one Degree of a ^«at Circle upon the 
faifibce of the Earth. So that one Degree is 69 MUes and 288 
forf*, whidi is very near to our Country-man Mr. Norwood's 
£xpenment made betwixt london and York, Anno 16^55 who 
fcund that 367196 F^etzz69 flfHes, and 958 Yard^ do make a 

f; Degree, 
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0cgree. And not 60 MileSy accoiding to the common received 
ppinibn and Praflkc of the Nav^ateits and Seamen. 

He/ic^, according to the French Account, the Circotnfefenc^ 
(rf t&e Earth (fuppofing it to be a true Sfberia^ Figure) i^ 

'24S9P EfJgliJh Miles. 

*■'/'■•■'.. 

6. Of JJquid Meafures. 

AIJ Meafures of Capacity, both Liquid and Dry, were at firil 
tnade from Jroy Weighty Vide Statutes 9 K 3. 51 H. 2. iz H.7* 
fe^. wherein it is Enaacd, that Eight Pound Troj Weighfj of 
Wl^eai^ gathered out of the Middle of the Ear, and wellT)ricd4 
Jhoiild make one (kallon of Wine Meajure : And tl^lt th«re Ihould 
^t but one Meafure for Wine^ Ale and Cor^?, throughout this Reaij| 
(Vide Stat. 14 Ed. 3. 15 Ric. ?.J But Time andCuflom hath al- 
tered MeafurtfSy Bs (hey have done Weights (and perhaps for one 
and the fame Reafon) for now we have I'hree different Meafur.esy 
j'iz. one ifor W^^e^ one foij Ale or Ee^r^ and one for Com. . 
' 1 have JLiifiirted Tables of each as dicy are now computed by 
Cuhuk I?7ckesy and praflifed in the Art of Ganging, &c. 

The common Wine Gallon fealed at Guild^Ballin London; by 
which aft Winesy Brandiesy SpiritT^ Stroag- waters, Meady Perrff 
Cyd^^ Vinegar, Oyly and Hbney, &c. are Meafured and Sold ; is 
fgppofed to coi>tain 231 Cuhick Inches, and from thence the reft 
Art cofi^uted^ a$ in thfs Table ' 

Cations* 
Cuf^ii^rAckes. ^ i8r=i HumSef^SLnd 



2:^iz=,i G. Galloni AT f J 3^5 makes a Wine ot 

J?702r= 42=1 T^'^f^^' '^^^^'^Vinegar parrel. 

14553= 63^ii=i Htf^^ad. ^ CC^ide I IL^J 

2pic6=12a=r3 TS2 r=lT Butt or Pipt. 
5$2I2:i£r252:?:d i=r4 0=9 3=2=1 T^m, 



Bar Dr- Wfij»^ in his Tefimetij^ P<^ sBgty ^otfc %pofe 
the /r^Vzi* Gallon to contain but 224, or 225 (kikkk Inches a8 
tb(c mc^, and purfiiant to this Acoomut and Iglxperimeat was faad& 
by Mr. J^ichatti. WaSu^iiA hJk. Phdif Sbakt, two Gearral 
Officers in.the £xci&* They caofed a Yeffd to be very exaSly 
mad^.of Brafi, in Form of a F^^elopifed^ cadi Side of io 
JBbfe was 4 -frii/f j^ and its Depth 14 inches ; ib. tbac it )aft Con- 
teot was 224 Cubki itches. This Veiiel vm| prodmced at G^U* 
HaH ii9 Zoviib>f (Ai4r)r 2^. i688;> before the losnAOiiiijrar.y the 
^cmmj^oners of iSc#:> the Reverei;^^Mf. P^J^ead Afir. R<«* 
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Mr* HaUe% add federal other imgenious Gehdemen, in whofoe 
Prefence Mr. Shales did exadly fill the forefad Brazen Vcffe! 
with clear Water, and very carefully emptied it into the oldf 
Standard: tf^ine Gdhfi kept in Guild-Hall^ which did fo eja^Iy^ 
fill ity that all then prefent were fully fatisRed the If^ij^^f GdUoni^ 
doth' contain but 224 CuhicK Inches. ( This notable Experiment 
tfam tried.) However, foi^ feveral Reafons, it was at that time,' 
tbouejit convenient to continue the former fuppofed Content of 
^^itulick Inches to \itxixt Wtne Gallon^ and that all Com{>ut;iM>' 
Cions in Gauging ihould be naade from thence, as aboye.^ . .^ 
The Beer ot Ale tialhn (which are both otc) is nludi largc^ 
dHtt the U^ine Gallon j it being (as I prefume^ made at firft to;^* 
I tonefpond w'viiAvetdufois tTeigbtyjis the Wine Gaflon did wit}/ 
ihy Wei^: For (as I faid before. Page 21^.) one psi^nS 
Averdupcis is Equal to 14 Qunces 12 Pennj Weight tr^\ very 

aar. ^ . -^ 

. And, as one Pomd Troj is in proportion to the Cuhck Inchei^ 

I in a Wine Gallon^ fi> is one Pound Averdufois to the Cuhici 
bcbes in an Ale Gallon. That is, 12 : 231 : : 14; J: 28.1 J*, yery^ 
near die Cuhick Inches contained in an Ale Gallon^ as aippears^ 
fioin an Experiinent made by one Nicholas Gunton^ General: 
Gmiger in the ^xcife^ about 44 Years ago, who, by fucb> Velfcl,^ 
lacodoned before in the laft P^^^, did find the St^n^ti Ale-Qu^rf^ 

' (kept in the Exchequer, Vid. 1 2 Car. 2.) to contain juft 70 L C«^;VA' 
iitf£pf ^,G0nfequencIy the Ale^Gallon nniii conuin 182 Cubick Inc^as^ 
uA firom thence dii^ fiattowing Tables are computed. 

AtU-M^afurin 

2&2s^l 'd^i^'* ^AFirHnoftoafAndc^^ 

2256= 8=1 ^^'"' , NotexH^^ri^-^i ^r^ the Ja0 

4512= j6-=2 ::ri iii^<^^'»' i«;if A tAa^ 0/ ^te 



Beer-Meafute. 






Fa i^.ft' 
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N B. .This Diftiiiaion or Difference betwixt Ale and Beer- 
JAenfure^ is now oriy ufed in London. But in all other Places of 
£vglandtht following Table of Beer or ^/^, whether it be ftrong 
or Jmall, is to be obfcrved, according to a Statute of Exctfe made 
4n the Year 1689- 

Cub, Ittthes* 



282=rl Oathn, 
2397=:8i=I ^^^ki«' 
47P4rrl7==2=r I KHderk/n. 
9588=34.— 4=2=1 Burrel. 

I4?82=5i=6=3=if=l tJcgJheaJ. 



J. Of Dry Meafure. 

Drj Meafure is different both from Wine and Ale Meafure, be- 
ing as it were a Mean betwixt both, tho* not exaSly fo ; which upon 
Examination I fiuid to be in proportion to the aforefaid old Standard 
Wine Gallony as Averdufois Weight is to Troy Weight ; That is. 
As one Pdund Troy is to one Pound Averdufois, fo is the CuHck 
Inches cowtsmtdi in the old Wine Gallon: To the Cubick Inches 
contained in the Dry or Cdrn Gallon. 

Viz. 12 : 145; : : 224 : 27 2|^, which is very near^ to 272^, 
the common received Content of a Corn Gallony altho* now it s 
othcrwife fettled by an Aft of Parliament made in April 1697, 
the Words of that Aft are-thcfe: 

Every Round Buihel voith a thin and even EottoWy leing 
made Eighteen \nAitz and a half wide throughout j and Eight 
Inches heefy Jhould he efieetrid a Legal Winchefter Buihel, ^r- 
cording to the Standard in his Majeflj^s Exchequer. 

Now a Veffel being thus made will contain 2150,42 Cuizck 
Inchesy confequently the Corn Gallon doth contain but 26S^ 
CttUck Inches. 

.^!1.^:/"1^- ^ 4. Bujhels—z Comh 

268,8=1 ^^^^<'»' NQtt,2 10 Quarters— a Wey, and 

537,6= 2= I ri± ^i2Weys= LafiofCorpi. 

2150,4= 8= 4—1 ^"J^'^' 
I7203,2=64=32=8=:i Quarter. 



I obferv'd amongft the Lead-Mines in T^erlyMreAAnno 1692) 
that the Miners bought and fold their Lead Ore, 'oy a Meafure 
which they calfd an Ore Difh j whofe Dimensions I carefidly took, 
and found them 



ir Length 21.3. j 
Thus^ Breadth 6. Linches. 
C Depth 8.4 \ 



Confe- 
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Confequently its Content is 1073,52 Cuhick Incbesy whicli in 
veiy near Equal to 4 Com Gailons^ according to tbe abovemen* 
tioned Settlement. ^ 

Nine of thofe Diihes they call Load of Ore, which if it be 
pretty good^ will produce about 3 hundred Weight of Lead. 

8. Of time. 

It is not an eafy Thing to give a true Definition of Time i G)t 
(according the Philofofbick Poet.) 

Time of it felf is nothing, tut from Thought 
Receives its JRife^ ly labouring Fancf wrought 
From Things confide? d^ njohilft we think on ^me 
As frefent^ feme as pafty or yet to come. 
No Thought can think on Time, that's ft ill confeft^ 
But think on Things in Motion or at Reft. 

And fo on, Vide Lucretius^ Book L 

That is, Time only fliews the Duration or Mutation of Things, 
a Year bein^ the Standard or Integer y by which fuch Continuance 
or Change is computed. And a 1>^ is that Spaced Time in 
which the Sun (apparently) compleats its Revolution from any 
one Point in the Ecliftick (zn imaginary Circle in the Heavens) 
to the lame Point ^gam, which, according to Modern Oifervationsj 
is performed in 365 Daysy 5 Hoursj 48 Minutes^ 57 Seconds 
21 Thirdsy Sec. But a S^ro«^ being the leaft part ot Time that 
can be truly Meafured by the Motion of any Mechanical Engine^ 
as a Clocky Sec f^ Third being lefs than the Twinkl;ng of an i:^ye) 
I begin the following Tabid with Seconds. 

Sicmd^K "*^ 



5600= 60=1 ^ ^^«y* 
86400=: •1440«= 24=1 22i6 ] i 

3i556p37=525949i=8765=:365+5+48+57=xK^^^^'««5^* 

" ■ ' (SolarYear. 



But the common Year^ ufually call'd the Julian Tear^ doth 
confift of. 365 Days and 6 Hoursy and is divided into twelve 
unequal MonthSy called Calendar Alonihsy whofe Names and 
number of Days arc the Subjcft of eycry Almanack. 



To 
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iSlnt^mettctt. 



Part U 



To thefe H^let it may not be amifi to give a brief Acooonc 
of fudi CidnsyWeighttj and Mtafwres^ as are fiequently mentioned 
in the Scriptures. As Ihaye deduced them firom thofe whidi 
feun to be the moft CorreO^ mferted in the Index to the Uorw 
Bible^ ftioted Anm 1702* and oonipamt with thde CiOsd in 
Eff^andy by the Lord Bimopof Peierhorpugh. 

TbcBetre^ mights, compared withj oI"%Z'&«i 



A Gerab^= 

10 GefabszzaBekdb=: 

2 Bekabs=A Shekel- 

t6o Shekels zra Mtaab^ 

Uete^ A Shekel is laid to be their Orig^» 



o 
o 
o 

45 



Weigbi. 



o 

4 
9 
12 



? 



Their Ciri;*^ 



En^ilb Coin 



h Silver Menab^ 
Tale?a of SHversss 
Talent of Goldzsz 
The GotdDramzi: 



7.1. 5-J Weight 66 Shekels: 

557 s IX . loi Wei^ is aoo Shekels. 
W5 • ^S • 7i The lame Wc^ht mea^ 
I * o • 4 . tioned £(< ii. i^ • ' 



Me 

Feet 



The i!o9V7M 4^<Mrfy iMcitioaed in the A^ Tkfi amenity 

A pinmous^at Silver Pensrj-yd. 3 F^^thingSh 
Aps (£ Copper =:0 . 3 FMhinff. 
Affarum-o . xj Fahk^. 
(luadrAutssesQ . ^ of a Fartbif^t 
AMiUr:=0 ^ ^J (£ d^ Pmbi^. 

Their lo^^ /l&<»r^, compared ^i*^ -^^ 

4 Fingers-^ a Hand's Breadib:^:: 

2 WandsTsstbe leaji Sf^z:^ 

3 j74»ij Breadth ^tbe kngefi Spm^zi 

2 Spans :=- the longeji Cuhit:=z 

4 Cuhits:=za Fathom^ 

6 Cuhiis—EzekieVs Reedss^ 

400 Cubitsr=ui Stadium:=z 

JO Stadiums— a Mile -=: 

3 Miles:;=^Parafmg\z 

Which i3 4 £»^/i/& yj/i/^i and 






o, 
P* 
o. 
o. 
o. 

2. 

3- 

243. 

2432, 

729& 
256. 



o 



o 
o 
I 

X 

t 

o 
o 
o 



0,912 
5.648^ 

7>ap6 
xo,p 

11,328 

o 

o 
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AlMfrz 

5 Cah:=::a Hin=^ 

5 Seahs—oft Efbasz 
JO Epba*sz=:aCbomer:ss^ 





o 
o 
o 
I 

2 

7 

75 



Of 


S'Ojr 


oi 


9^\ 


3- 


i045« 


6 . 


1.5 


2 . 


a»5 


4- 


5» 


4- 


i5» 


5 • 


5,<52t 



Sea. 2- 3WitW» of TVeighUy &c. 

The foregoing TMes being lb well underftood, as that you' can 

' readUy tell (without paufing) now many Units of any one Deno* 

matmy do make one of the next &ipmor D^Hominaiiofi (cffa^i 

I fiailj in tbofe Tables as are moft ujeful for ywr iufinitfs) 

\ ^ wiQ thfioi be as ealie to Add or tubftroEl them, as to Add or 

I SuhflraS wb^le I/umbers, due care being taken in facing all 

; Nuwiers that are of one Denomination exactly underneath each 

other. That is to fay, in Money place Pounds under Pounds^ 

SbiUi^s under Shillings^' Pence under Pente^ &c. UndcrftancJ 

the like in JVeigbts and Meafures, Sec. according to their feverat 

bmondnaions : Then in Addition oblerve this Rule. 

Rule. 
4h}ajs legin witb thofe Figures of ibe Lomoeji or Lenft 
Denomination,, and Add them ml together into one Sum, then 
(Ofifider bow many of the next Superior Denomination are con^ 
Gained ift that Sum, fo many Units you muji carry to the ^fnid 
^fxt Superior Denomination to he Added together with thofe 
Rgurcs that ft and there ; a^id if any thing Remain over ot 
^etbqfeVmtsfo carried ^ that Overplus muft he fet dov^?^ 
^emeath its own Denomination : And fo Proceed on from one 
I^tnooiinatiQn to anctber until all he finijhed. 

Example in Coin. 
tct it be required to Add 35/. 14 j. 06 d. and 27/. 02 s. 
lod. and 54 Z. 15 j. 04^?. and 10/. 17 j. op ^. into one 5«»?. 
The particuhr Sums being placed, as before direfted, will fland* 
^ in the Margjin following. 

Thai according to the Rule^ I b^in with the Penes f being 
w the fowefl or leaft Denomination) and Adding them all 
fojcther, I find their Sm to be 29 d* that is 2 ^. and 5 d. (for 

24^. 



40 



IStmmm^ 



Parti 



02. 

17 



od 

10 

04 
09^ 



128 . c8 • o5i 



24 —.2 i, and 29=24^5) the 5^. I fctdown /. 
underneath its own Lenomnationj and carry the 35 
i2 J. to the Place of SbittinPSy Adding them and 27 
aH the Shillings together, 1 find the Sum to be 54 
48 s. viz lU 8i. I fet down the 8 s. under- 10 
Bcath its own place of Pounds^ and carry the 
2 /. to the Place oSPounds^ Addingthcm and all 
the /!o««i^ together, I find their Saiw is 128/. 
confequently the Totd Sum requited is 1 28 /. c8 s. 05 d. 

N9W, for as much as it often happens in keeping Books cA 
AccomptSj (and in other Bufincfs) that it is required to Add up 
large Sums of Money, confifting of 30, 40, or more feveral par- 
ticular Sums, nay, perhaps filling up the whole Length of a Sheet 
of Paper, 1 humbly conceive in thofe Cafes the bcft and eafieft 
way will be to part them into Parcels, not exceeding above 10 or 
12 particular Sums in each Parcel; that done, Add together atf 
the St^s of thole Parcels into. ont$ Sum, and that will be the' 
Total Sum required. 

Alfo to avoid the making of Points, or other Marks amongfil 
your Figures, it will be coitVenicnt to get die following Taiu?\ 
by heart. !. 



Tbe Pence Table. 




Tb^ Shillings Table. 


d, s. 


d. s. 


s. I. 


s^i. /•. 


12=1 


72= 6 




20=at 


120= 6 


. 24:^:2 


84-^7 




40—2 


140= 7 


36=3 


p6=i 8 




60=3 


160= 8 


48=4 


ic8zr 9 




802r4 


180— 9 


^0—5 


120=10 




100=5 


200=10 



The Ufc of thefe Tailes is fo obvious, that I prcftme 'tis 
needlefs to explain them. 

Examfle in Addition of Weights. 



Troy Weight. 
lb, Oz. Pw. Cr. 
3 . C9 . 00 . io 
5 . c8 . 15 . 21 
10. . 10 • 12 • 22 
. II . 19 . 23 


•- Averdufois Weight. 

Tun. C. Q,. lb. (??, 

12 • 15 . 2 • 24 • 12 

7 • 10 . 3 • 21 . 15 

. 18 . I . 14 . II 

1 . 19 . 3 . 27 . ?s 


12; .04 . 09 .04 


S^m 23 . 05 . . 05 . 05 

Exam^l^ 
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4^ 


Examples in Addition of Long-^M^^fi^re. 




Yards Qrs. Nails Miles Fur. Poles Yards Feet 


Imdk 


^5-2.3 2 . 6 • -32 J'. 4.2. 


9 


X7 • 3 • I . 7 , 27 . 3 ;. -1 . 


10*^ 


129 .1.2 I . 3 . 3? . 1 . 2 . 


-11 



182 •3*2 Sum 5 * 2 • ip • 5 

I think it needlds to iet down more Examples g£ this kinc^ 
fer if thcre.5 (erpecially the M) be well undekfiood^ chey.will 
ieiiifficient to Ihew how any other may be performed. > ■ 

.Seft. 3. f^tiMttiuiim of fret£;ks, &c. 

Sulj/hoBion 19 but- the Converfe.of idle Jvecedent Worky and 
nay Mpeiformedbyobfervingthis J?i^/^« ... "< 

Rule.. • '/ -; .- '^ ^ 

Be^nmtb4be l/mefi or Uafi DtfiK^mination (as iefore im 

Addition) and Take or Subftrafl the Figure) or Figures) in that 

place of the Subtrahend," /rom the Figure (or Figures) that 

ftendoDer. thwi of the feme Denomination ; fitting domn^tbe 

I Remainder (asinVsgei2iy But if that cannot ke^/one^.fbek 

' you nmft incteafe the upper Figure (or Figures;) with one e^.tlSf 

v^JF' ptjperior Denomination, and from that Sam make ^i\b- 

ftrafiioni and'fo proceed to the Tiext Superior DenomitAiion^ 

where you map pay^he cnt^iorrofmedy hj addivgUiixtj to the 

Sitoahend in that flaee^ &c. as in whole Numbers. 

Examples in Coin, 
h s. ' di K ' s, d. 

From 386 . 0^ .,08 . Fro^i 569 . 10 . 06 

Take 173 . 04/06 " ' SutJi/i^Bp . 15 . 08 

•'■ . ■ " !■ " ' ■ . > V '" "r — ■ ' • 

Remtiins 2;; • 05 . oa . 17^ * 14 • xo 

Tb^' Fitft of .theTe EHompUs \% feif-eirideni; In the S&sond 
Example^ b^inning atthe«puice of Pence (hwig here the.Leaft 
Dencmnation) I am to* take fid. from 6d, D«t becaufe that 
cannot be done, I mull (according to the jRule) borrow one rf 
die next Denomination^ viz. i s^ and Add it (o the 6d^ tvhi< h 
makes it %Sd. (for if.=i2^. sind izd-^-SdL-iSd. then I 
take Sd^ fibom ttiat iSd. and there remains lod. to be fee 
down underneath the place of Fence ; that done, I proceed tQ 
I At piii6e of SbillingSy where I iduft now pay the x Sf faying 
one i]ggTi|Wfd and. 25. (oakes 2^ from lo.fiaimot be^ buc 
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i6 from ^o and timt:JlemMfts 14. That is, I bonrar one of 
lim Denomifration^' m. i/. «ad Add to it tjie 10^ ^ 
makes it 30 i. .for i L^iOi. ;ind 20^.4-io=3o) having fqtdoiirtt 
Aic.RtimamTrg 14 j« underneatli its own place of Spillprgiy I 
procetd to the place cfPcunds, whejre paying the i /• j>oaowe^ 
it will be 1 borrowed aiid p4s to fr o m 9 cai^ot be, bot noirem 
IP and there Rerkaiffs % tind fo t)n tis in whole Numbers until si 
ftefihifhed; And tbe/Ed'iKiiKf^jfer'wiUbeiyp/. 145; iditf* 

Hiis Examfie bdjjug a little oonSdfxed wiU iteaaiit aHitehm lA 
this Rule esiif. '...:... % 



ExMifUs in fVt^iibts* v 

Troy iVeight. AwerJupois U^eigbf 

From p . 10 . 16 . 18 v-i; :17 . 12 :»: .flj >t ** • 

Take 5 i 09 . 18 . 22 14 . 3 . 18 • 12 

4 . 00 . 17 . 'SO' i!4(?j^>. ', 2 * 2 > SI4:>- 14 

J ^ 'Examples in LdnX^Mieafure. "''^ ;' * 

jA. jrji W&. ; . I n^fm* fpl 34^. fe^ iw*^ 

i^riStal 78 . 3 w. 2 ;.•. V , \ :^ . f . 26 • .^ •^■.•::W i 



r-.^«> ' • ' Example in Timt. 

••• '-" Vtfyj *> ■' ' •" ^ • •• ' 
From 27 . X« t^ * a 
SubftrnEl 16 • 21 • 4^ • 36 

•/fi»7iiiij.lQ . 20 . 48 . 4^ ' » 

The Vtoof(^iMdition and SutfinSim 4n -theft NmAm of 
different 'Df^o^w/W/o^ J, is the vc^ fame wi^ dite tf -whole 
^it^M^^^ inT^j'f 13. :I ih^ ;theyi^igii(9L 1)9 4vU flacc^ 

5uid omit repeating it here. . > ., 



' Sea. 4. 0/ KrtilltftW!^ 

By Reduclim^ Numbers of difltrent LenomimaikMS tut 
6roi)ght into one Denwninaii<m. ♦ . ^ . 

Tint is, it alters or changes. any Superior Di*;!^MrMr«ri0«pcOp 
pafed^ into any liifedoi or Leflio. tkmomimatimi Hopunnll 
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iflill keeping them Equivalent in value. And by that means they 
become fitly prepared for Afulflflication and Divjjjon ; which 
cdierwife could not fo conveniently be perfoimed. Therefore (he 
Btfiic&of ReiuSlion is very ufeid in the Rule «/ Proporfiofi^ 
(oommonly called the 6roU!f« RnUj or Rule of Three) clpeciaBf 
to thofe who do not underfland either Vul$far or Decimal FradU 
M. And it*s thus performed : ^ 

Rule. 
Cmpder him tntrnj Udjtt ^ fhe Thmott^mtion Required^ 
mkeofte of that Denomination frofofed to he Reduced (v^hich 
is enfily kn$wn hj its refpeSiive Table) i^ with that Number 
•/Units, Multiply th^ Denomination frofofedy andtbeir ProduS 
mil he the Number Required. 

Efcample in Coin* 

Let it be Required to Reduce or Change 257^ into ^bilHngs^ 
and thofc Shillings into FeMy which AaU fiiU be Equal in 
falue widi die ^57/. 

MA^ywitfa 20 the Shillings in one Pcunsf. 



jt^ox^t Shillings in. 357/* 
HMtify with 1 2 the Pence in one ihilUng' 



8568^h^ Pence 'm 57$ /. asi wis Required. ' 

Or 357/. nay be icduocd4ntQ Pence^ at one Operation? 
Thus, 

Mfdiify with 240 * the J^ence contained in 5)nc Pound. 

X428 
714 



8568o=thc P/kce in 357 /. as before. 

But wh^ die Nitmher4 propofed to be Reduc'd are of feveral 
l^mmneiionsy zxv^ it is required to bring them all to the Lowcft j 
|ou muft Reduce the highcft or grcatcft Denomination to the 
^«tt Icfi, Adding die Kumber$ diat arc of that Icfs Denomination 
together, dien Reduce their Sum to die next lower Denomination^ 
AWng tog^her all die NwiAere diat are of d»c Denomnatwe^ 
«4^ proceed m4«8ymtiil attiidoot. «. '. 



TT^ flrittmtet icft. .Partly " 

Let it be rcqmrcd to Reduce 375/. 17 J. tod. 3f. into one , 

Denominationj viz. into Earthings. 1 

375/. ijs. lod. 33. , . . I 

20 ! 



7500 ^thc SbilUngs in 37$ ?. 
75i7=::thc Si&i//i«gx in 375/. 17 ^* 



12 



1S034 

... 7517 ; 

90204=:the Pence in 3 75 7i 17 ^ 
-4-- lorf'. 

5^02i4=thc Pence in 375/. 17^* ic>/. 

36o856=thc F«rthhtgs\n jy^J. 17*- lO^. 

+ ^^ 3^f" .....:.: 

- ^^ 36085? Farfkings^STi^^ ^7*- w^. 3f. as wwicquircd. 

Thf Work of this Ex/t«/»7^, and all other Operations ot this 
kind, may be fonicwbat Ihoirtned by obferving the following 
Method. . ^ ^' ' , ' « - s 

20 Multiply and ^^1/ in the 17 j, 

12 yif«/f2p/yand>^difintheioA' 

15034 

75 W, • : . 

90214 

4 MuJtifly and j*iW in the 33^^. 



' . . . 36085? the Farthings as before; 

Examfk in Troy Weight. 
. Soppofe it be ReqmtBd to il^duce, -2?/. Soz. iBfwtt 2lgr. 
into the Lcaft Z)t?»«»«««i«r'i^^^^^ ' : •: 



■ Thus, 
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Thus, 29 Z*. 80Z. i8^wf. 21 f**. 
ftltifly with . 12 the oz. in i /^« ana Jdd in the fioz. 



66 
2p 



, 356=theoz.in 2p7^. 80Z. 

fliiply with 20 the pwts inl cz. and jidd in the 18 fini 

Hiiflj with ^ 24 the ifTiX. in ifwt. and -<<rfi/ in the 21 |r. 

2855? 
14278 



171 333 x!titgra.rz29lb. 8oz. iSfrrf. 21^. 

nliele Two Examples at I^e bein^ weQ underftood, may 
^ce to Ihew how all Operations of this kind are j)erformcd ; 
her in Weight Sy Meafures, or Time. I (hall only infert a few 
j^^Ies of each fort for the Learner's Praftice. . i 

II. In 29 C 2qrs. 21 h 99Z Averdupois Weight; How many 
Winces. ^ Anfwer^ ±290% Ounces. ,. 

2. In 2$2 Englifh Miles, How many Tards, Peety and Inches ? 
^weTj 443520 l^rrfjr=i33056o /'Vrf =1596^720 Inches. 
J. In T 692 common Kr^j ; How maiiy^Dw, Hoursy and 
Iftmrfrj •'^ Anfwer^ 618003 D^jfj, 1483207^ lioursy 889924320 
iinutes. . ' -^ 

Note J a coamion 2J'4r=36«> Diijf/, < HmitSj fee P^^ '37. 
P 4. In S786 Poundsy 17 ShilhngSy 9 PeTi^^terlipfg: H6W 
i^SaUingSy Pence J and Farthings? 

-<to/aw, 115737^. 1388853^/. or 555^412 F^fcVf^j. That 
i^ 5786/. 17 J. 9</.=:ii5737 J. 9^.=i388853^. dice. 

'^le next thing will be to Ihew how sa bring i^Tf^Mtl^^rj from 
a lefler to a greater Denominationy which by mod Authors is 
called (tho* very improperly.) ^ 

K(0(ltfton afcendittg. 

This Work is the Convcrfe of the laft, and is performed by 
tUvifim* Thus, 

Rule. -' ... 

' Ccnjidet btnv many pf/thf. Denomination fropofed make^ one 

0/ the Denomination rfj»/V^£, and make that Numbei; pouz 

Diidfoi^ hy vibfcbpWiiitthe JDienomination' fropofed y^wt the 

Quotient will he the Nuatftcr required. " ' * . 

Exmpfe 



- - -*- ^- -"^ "IT- ■ . - -■- . 

a6 9ittt!tmtttifl. Part 

• - "T^» _s : «■ — *-* -- ^ »- ^,.» ^ i - « - ■ " ■ _. ,- - , 






Example. 
'Let it be required t» find how many Shillings and Pamufs 
contained in 8^680 Pence. 
The Pence m i ^. are 12) 85680 (714c j.^8568orfl 
Again the Shillings in i /. arc 20) 7J40 (957/. the Anfmet 
ceqtured. 

Jnatber Example fft C(nn. , 
How maiqr Pcscsfy SbiJlvjjgs^ aoiPoundj^ are contained ia 

i2> 20) 
4) 264^59 ( 662i4^ />( 55i7J . (2752: 

24 62 151 

08 21 117 



. 05 \ 94 Cr7)^* 

15? <io)rf; 



Hemofns Ci)f*f iVbf^,the Remainder is sdwaysof the fime 
■ t Denomination with the Dividend. 

■^ The lafi Qmthgni 27; /• together with the feveral Remainders^ 
gives the Anfwer required. 

Vix.2j%l i;/s. 104/. 3j.»26485pPi»ii&/;s!ji. 

' Example in Troy Weight. 
Suppofe it were xeqmred to find how xnaay pv3fs. czs. and Ih. 
arc contained in 4^3$ 3 Grains. 

^0) 12) 

' 168... \ . 113 24 

^4" "(S)^. ^°« 



93 C8)o*. 

21? 

193 



, ^ Xemams (21) ff. 

. ^*/tw»:, 29 /*. 8 ox, 18 fwf. ax «;. Tilt and *e faft JE»i»jipfe 

are the Revafe or Ptoof of thofe in fage 43, 45. 

t.-fa 42905 Ouiufs Averdufoii Wei^ ; fiSjw inany |^>j»»rfi;, 

*5^i. . ... 



Tfew 
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tern 

EThus 



^ 28) 4) 

16) 41905 (268r »; (95 qrs. 23 C 

J6i (3) 




(21) Aiifwer^ 23 C jjrj. 21/*. 9az» 

2» fa 15966720 /x^i&^j 5 How oiany Sn^ijb Atiles^ &a 

AnpoeTy 252 MUffs, Bcc as Occafion requires. 

There are ipany ufeEbl Q«^io« j may be anfwered by dielielp 

id ReiuShn only : As tl^-Chan^ng dt one fort of Coin for ano- 

ter ^ and camparing one ioA,d£ Meifure wUb another, Qc. 
For.IipQtncc; Suppofe onchad ^47 A>-*J7^r/, at 4^. 6dfer 

pdUar } and .^eficed tp Tsx^vt how Qwy. fwnds Stirling ttx^ 

nake* 

347 
J . 54:3-t hc Pence ki oac Z^?/-^ .Y«. 4 -f- 6 /.p=54 ^• 

1388 ' :' . 

I7?5 20) 

i2)ilSl738i/. <i56i*.{78/. 
67 ' 161 

(6yd. ' ' - 

Anfwer^ j^l \ #; T6d: $ierJiv£ 9ms:^y JSuHhSMl's. 
. ttusj/h 2,in 645 Fim^b'Eils ; Hoir vtBaq^;S/2f f/ts/i/l' / 

^^ d^uarters of a Jtatd Mtf^i/h ^^sone Ell Fleaijb^ 
^lijxr s QfUtfUrs^f a t?*d u an Mnj^i^ '£11. 

. Tlifi«&^,tf45 „ . '\ 

I y=&tqfsi£^Yilrdm^MFlemfi. \ 

I fi in I £:tt3S5)x935 ,(^f&gfij9 MUsSofAft Anfwer. 

Qfufi I}. Si^ie a ffijl of exchange Were accepted at London^ 
ftrilie ^Bqimot of 400I. ^UkU^Sj for the -Value ^delivc^U at 
Amfterim in Me9^ H^P^g at lil 92;. 64. for ont Pound 
ZUfiim. Vioyn m\}fii Plenttjhyiov^^ 

n^ Xl. 134. tf 4toK4024r. the Value dEqnt Pound Stirling 
UAmfterdam. 

Then, 4otd.yi4/x>tsit69fk>od^=s=^67oJ.FUn^Jhj and fomueh 

- CHAP. 



4<^ antl^mettcfe. Part U 

C H A ?• IV- 

0/ mnlsai: if reutjow^ 

Se6l. I. 0/j^flUfion. 

AFraSHon^ or firoken^ Nutnbety is. that which rcprcfents a Part 
or /'^r/s of ai^ tJ^ne propof€d'(^T;/ii» Page 3.) and is «• 
prcffecf by Two Numhers placed one above tl^e other with i Line 
drawn betwixt them : , ' V - ' 

- "^ i ^^ Thus, J^,^ , , ^ .. :>i 

The Denominator or Number placed underneath the; ZJ^i 




^,tIiofe /'ifrfj are contained in the FraBiou (it being the 
Remcditier after bivifion.) (Se^ f a^ge 2p.) And thefc admit of 
three Diftindions : 

C Proper or 5//»//^ T 
y\z^ ^Improper ^Ff 4rf?io«#* - , 

A proper«pure, or S/m^/^ FraSio^i is that which is Lefi than 
an t/ffff» That is, it reprefents the iminecfiate Part or Pitrts 
of any thing leis than the whole, and therefore its Numeratcr i^ 
always Leis than the £)/?x;oiRi«irror. . , 

, ^^i is'bnc Third Part.. . ^Mf is i^oTbMst.Sis^ 

* An Improper FrMHo^ is that which ^ greater thati an tMt; 
That is, it reprefents Ibmc Number o£Part^ gti^e^thim the 
whde thing j Afld its Numerator is always greater ^ than the 

Dtnomifiator. ^ i -' - - * 



-Ai'V'Or J Ot'ff^y^ 
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; ^" A Compound f^rtBim is r a /»tfi^ of a Parf^- <x»d&&% oR 
ftvieral Numerators zM Dewminatm cottineOed togo^cr- ifidi. 
the Word [of]. ' '1 -* ' •' ' '• ^ .?.!'. 

As 4 of y of f, 0r. and are thtis re^, The^ond JWril<tf^c : 
three Fourths of the two Fifths of an tfeif . ^ ' . 
' That is, when al/ivff (or whole tluhg) is && Divided into* 
any Number of jEV«ii/ /'^fj, and each of tbofe Parts are^ 

^ " Subdivided 
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Suhdivided into other. J°/zrfj, and fo on : Then ^fe kS i^^rfi 
are called Cempound FroEiions^ or Fractions of FraSlioyzs. 

As for inftancc, fuppofe a Pound Sttrlivg (or 20 j J be the, 
UiTff or Whole ; then is 85. the^rof it, and 6 s. the ^ of chof4 
i^o Fifihs-i and 2 i. is the 4- of thofe, three F6»r/>bx. Fiz. 2 // 
;=^f 5 of f of one Po«W5r^r//^^. 

All Compound FraSlions are reduced into ffiigle ones/ Thus, 

Multiply ^7/ the Numerators into one .NunAer for a Numerator,* 
imddllihe Denominators into one anoXheiLfor ibs Denominator^ 

Thus the -f ©f ^ of T will become ^. Or 7^. , . 

For 1X5X2=6 thp Numerntor, and :?X4X5=6o the Denomin^ 
tor J wxi-g^^'Qt -^ ck ^ Pound Sterling is 2^. M above^ 

Sea, a. 'fo ;aifcr. OK Change rf//^rf«^ iFcattiqw /«/(> ow 
Denomination rtlating to the fame Falui. 

In Older to gain a dear Un^erflanding of this 5^(??/d^, it will 
tc conYenicnt to premiie this Propojitiovyviz. It a Numher. 
'Multiplyin^Tvro Numbers produce orfier^iV^/^^erj, the Numher s 
produced of, them lhaU.be in ihe fame Proportion that the iV^^i^i^ 
ters Multiplied 2ixty i-jMucUd 7* 

Tha£ is to lay. If both the J^umerator 2Lnd Denominatdr o(. 
afiy PraSiion be Equally Multiplied iiito any Number^ thciip' 
BroduSs will remain the lame > alue with thar Fraoifon* 

As in thefe, f *i,=;^. Or |JA=^. Or ^Jf =-if . fc?^, \ 
• That is, f. and $. Or y and |. Or-:|- and \rf are of t)d 
fime value in rcTpea to the Whole or Unit. 

From hence k will' be eafy to conceive how Two, or rflox^j 
tti£li<^s that are of Different Denomimtionsy may b!e alt4r'j| 
€ft changed into others that iball have one cpaamon l)en6mincfiorf 
and ftiB retain the fame Value. 

Example. Let. i^ be required ,to change | .an4 .4 m^ Tvio, 
^sik^i.Ffa^ions that Ihall have one ccmjinon De^ormnator^ .an(|' 
yet retain tbfi&meValu& . ^ 

According to the foregoing Propofition, if | be Equal* 
ly Multiplied with 7, it will become ^1 viz. ^J2.==^l.. 
Agairii if^be Ecjtially MuliipUed vfiiW ^;, it wili become , 
ir "w^. T» j: ==TT-- And by this meahs | haVe obtained Twa» 
new Frailions -J-t ^^^ ^r^'^i are of one JOemmimttony and. 
ihe fame value with tfae- Xwg firft jropgfcd, 'I'i:^;. |T=f 
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■ ' — I — 

And from hence doth arife the GenjCial Rule for hrki^uig dB 
Fraclioris into one Denominaiion. 

Rule. 

Multiply all' the Denominators into e^ch other fiOf « Nevf 
(a?id Common) Denominsttor. 4^d each Nunierator into all tlx 
Denombiajtors but iti ovov^ for New Numerator^, 

ExampU. Let tj;>e propofcd Fr^ions be, f f» ^ and f . 

Then by the Rule. 
A new Denominator And the new Numerafots witt 

9fi]\ be thus found. be thus found. 

? 

_. 4 
60 
^ 7 

420 ^4^' 

ttence 420 13 the common L^mminatar ; 
:; 1 5 . 360 are the new Numerntors, which being jdaced 'Fia^on*: 
wife are JLil . J-li . i-ii. . A.tl the New FraBians reooired. 

That is, .ltZ=: \ . iii=:4- . AMssi. . and » lfL=s4; . 
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G^ntrary. • 
Mix'd Numbers are brought intQ'j>roper FraBions by l^ fol^ 

^ Rule. • 

Multiply f£^.'' Integers or whole Numbers with the Denoaii^ 
nlcor of the given Fra<aion, and to their Produft Add il^ 
Numerator, the Sum will be the Numerator ef the Fi 
ftiquired. 

Example. 9% by the Rule will become *|. For pX5=:*JJC 

And, ^-^-|-f=:t5^the improper FraQion required. 
Agam, i3Vf will become '^f. For \'x%\<^^y^ 
And 'r? -^ H =*Tf • And fb for any otncr as occanon requi 
To find the true. Value of any proper FraSiton given 
oiily the Convcrfc of thb Rule. For if ^1=5?^ a$ before 

iTiJentt 



evident : Then it follows that if 49 fee Divided by 5, the 
Quotient ^illgivcpt^ And if 206 be Divided by 15, it will 
givcijfjj 8^. confequcntly it follows^ That 

if the Numerator 0/ any improper Fraction he Divided hy its 
Denominator, fj&^ Quotient will difcover tbe true Value of tkat 

Examples. ' 

^z=^. And*!;— 4^. And'U==6^|» Or 'Jsisj.j, 8r. 
When whole Nm^ers are to be cxpreffd Fra6Honrwife, it is 

but ^tmv§ them aft Unit fot a Denominator. Thus 45 is "* {- 

9'^Ty and 2'5- is '-f , ^^ 

Sed. 4. 70 0bbrel3tat0 or )Ce!mce ifraction$ iV^^o ^ A^f/V 
Loweji or Leafi Denominatioiif 

This is done, not out of aiiy Neceffity, but for the more con-' 
vcnicnt managing of fiicTi Ft'dSiions as aVe either propDfed in 
large Terms, or fwell into fuch, either by Addition or otherwife : 
Befides it's moft like an Artift to esfprefs or fet down all FraStion^ 
in the loweft Terms poffible j And to perform that, it will t)e . 
t^cctoy to confttct of thefe follbwing Propofitions. 

Nmhirs Are either f^rmte or CompoftSi. 

i. h Prime NunS^er fe that which can only be Measured by 
» l/«f#. EueTtd y. Defin. 1 1. 

Tltet is, 2, 5, % II, ijy 1% 8r. arc feid to be Prime Nmn^ 
lersj becaulc 'tis not poffible to Divide them into equal Parts by 
any other Number but Unity or 1. 

2. Numbers Prime the 6&!t to the other, are fuch as only an 
Unit doth Measure j being their common /t/^^/«r^. Euclid j^ 
Be fin. 12. 

ror infiance, 7 and it arc Prime Nun^ers to each other, 
htcanak they cannot be divided by any A^S^m^^T but an Unit. 
And 9 and 14 are sjfo Prime Numbers to each other, for altho* 
3 will Meafure or Divide 9 without leaving a Remainder , yet 
3 wil^ HOT Ati^fifiifa 14 withoQt lea^ng^ a Remainder ; Again, 
altho' 2 will Af^ir^ 14 without mf Remnindery yet 2 wiU not 
Meafure 9 without leaving a Reminder ^ (§c, 

5. A Com fo fed Number is that wh^ch forae certain Number 
Meafar'effii mtlid.y. lkfin.1^. 

For inffioiee, 15 is a compofed Number of :j and 5, for 
5X3^?5> cod&cjowatlj^^ or 5^will juttly Meafure 15* Alfo 20 

H ? H 
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, :j. . . ' . ' • ' ' ^ ' . ' ' _ " ^K • ■ ■ " ■ • 

is ccmpofed of S and ^, viz. 5X4=20, therefore 5 and 4 will 

*eachjuftly i1ff/7/5zr^ 20. ' ^ 

' 4. Numbers compofed the one to the other, arc they whids 

forae Number being a cbmmoii Meafure to them both doth 

^Mcaftire! Euclid J. Defin. n. ' * . 

' I'hat IS, If Two, or more Numbers can be Divided by one 

^nd the fame Divifor ; then are thofe Numhers faid to be com*. 

pofed one to another. 

> For Inftanccj ^4 and 21 are Numbers corppofed the one to 

the other, becaufe they call both be Meafured or Divided by ^r^ 

For 7X2 - 14, and 7X3^21, therefore 7 is a common Meafure 

to i^ and 21. So that if -^ were propofed to be abbreviated, igt 

Vvill become *• 

Thus <^\- ^ 

And how thofe greateft common ^eafttres may be found 
l^cmes ffonji Euclid 7. frph ij 2, ^j, and is thus; ' * ' 

JBluie. 

D.ivicje /ij?<? gre/iier Number >y f^^ ^<^^» ^^^ tk^ Divifor Jy 
f^z? Remainder (if there he anj) and fo on contiuAltj until 
ihsre he f^o Remainder left : Then mil that lafi Divifor he the 
greateft Common Meafure (and if it happen to he i, then are 
thofe Numbers Pirrme Numbers, tind are already in their 
JLow^ft TermSy hut if othervoife) Divide fy^^'NumBcrs hy thai 
hft Divifor, and their Q^odtwi will he their l.eaft T^mf re^ 
mired^ • -• « 

Exam fie. 

JLet it be required to find the greateft pdmmon Meaftfxe of 7? 

and ic8, w;c. Of j4i. , ^. " . 

72; 108 C I 

72 ' 

36) 72 (z J Here becaufe there's no Remainder 5 
• 72 • 1 36 is the greateft common Meafure. 

(0) 
Therefore, J l^^^Jl^'L 1 Hence ^J is Abbreviatc(| 
t 36)108=^3 I to V the lowcft Terms. 
Again, To Slid ths greateft conmnon fiieafure of 744 an4 ^99^ 
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Thus, 744) 899 (I 
744 



' i55) 744 ^4 

124; 155 (I . 

31) 124 (^ 
124 

(0) 
Uete 31 is found to be the greateft oommow- Ifeafure by 
Mhidi 744 and Spp may be Aboreviated to 24 and 29 tbeu 
Lowefi 2h'«M. 

Thus, 14) ^1(«I4> ^^- ^ ^ - 
Note, If the frofofed Nun^bcrs le ^ven^ fbej my Jre Tnrtmfbf 
hwerhfa continutd Halving nfihem, fo h^ as ibej tan h 
I HAlvea, viz. Divided iy 2. 

Tis required to Eeiace \% to its-lcaft Terms. 

■ Firft,|)KX=n. Agaai,!) lJ(^.|i: . 

Tbb done, you laay ^ily perceive that 7 wiU be Chf coav 
moh Ueafure to 14 and 2i, ^2^ ^) 44 (=:-f ,^r, 

If die Nu^ers propofcd to^bc Reduced have each aQf^r^, 
? Cjf *^^ Annexed to them, they wiQ be Abbreviated 1^ cut- 
ting off a Ukc Number of Cyphers ftom both. * 

Thus, f 44 will be S-i . And |li will bej-, 6?r. 

That M .« T « — 1 f ===1 'And * • • c?* And "^ • s=d ^ rr ' •:2'»' 

Sea. 5. atnitton of iFratttow. 

What hadi been done by the jRuks in this Chaffer ^ it duefly 
^0 pre{)are ^xA fit Frowns of different Dexomiaafions foe 
AdJHim or Subftrd^iwj asOccaiion requires, c^iz. If they ar^ 
Compound FraSiioffSf they muft be Reduced to Simple or Pure 
Frmions^ fer Rule^ Se€l^ 2, ' 

IF they are of different Denominations^ they muft be alcere^ 
Vfchai^id, fer Rule^ Se3. 2. 

That is, all FraBions von& be brought iQto one Denaminaticft 
before they can either be Add^d or tuhftraSted^ and that being 
done, i4<i/f^/o« is tl^us performed. 

Rule. 

Add together alli^e Ntanerators, andtbeir 5um vnllhe /iNew 
Numer^Oir, under v?bicb $ubibql)e the Common Denomio^tor. 
* ' . • • . V • ,- •.• V . ... Examples 
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Examples in ^ttltplt ^tidiSftt* 
Let it be propofed to Add f, !» *nd 4- together. Fxrft, 

^=i^y r-i^, and 4=U, fer StU. a. 

Then 4.;+|44-^4.=44, the Sum required, which 

according to &f?«» 3, is l44» *«*. •J4-=i|t. 

Exampks in Coit^pmmti iTcatttons* 

Let it be required*to ^i | and -f of t i^'o one Sum. 
Firft f of -1: becomes T^ot^fer SeSi. i . And (/)«' SeSi. 2.) 
4-andi is7TaoiT^'i«a.4'==TTandT==TT b"TT+TT==T|r 
Ijbe -Sfiw J^tthedi ?i*,. 4+f of •|-=4t« 

*Tis required to yii/ j-f to 7I, thefe /»«r St^. j. will 
be ' \- md '-J^.Btot 'f and '^ N»IUbecome-tTandTrf«'&'^.». 
Then 4 » T44-:f -Lli, and 44^=i i |t^ the Shiu Ktqairtd. 
Or you may bring only ^Fra^ions to oae Demminatku, 
Thus, jf and 7f will beqoBJc 5- i ttid Ttt' 
Then 5-T+7T4*»rz4-^. That is, ijt^. As beforew 

Seft. <;. jBMiMmtffoit (f ifirafftntcJ 

r* Sabftraa owff Nortiertcoi? frm the efh^ (moreting 
Rnl -^ ^•^' ^^^ Quefiwn tequvtes) and their titter $nC0 witt he 
Jiui^<^ ;?pwNiiriie»ato»y ««^fr vkbUh^y ferine tbffCopitp0» 
.^ , vDeaominatox^^ i« Additloxi* 

Examfbr t. 

Let it be required tio tdke ^ out! erf 4. Fii?ft|f and 4 
*** Ji«». i. will become 4t *«d; ^ tfcen -JI-Tf^^-rf j 
fhat is, 4— I- =4^*^. As nsrtis rcqu^itd; 

Example. 
•Tis required r^ Sw^ii^ f of J- from ^. Firft, f of 
|=TT f^*' *SV^- !• Again i4- and 44? will become f44 
mdm.perSeSi'.t. Then |44-^f44=f4i. 
. Example 5. 

Vrom 6^ Subfira£i 3^. Firft, 54-=^^ and 3^= '4t/'^ 
' Pth^r* 
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otherwise tbys : Firft, 6i'^j4, then btu% t Md ^ into 
one Demmimttiony viz. 54.=:5f|4 and 3TT'*»fr?' 

Then 544T-5TH-2frT=2f^. As before. 

Example. 

Let it be required to Suhftra^ 4 of 4- of f from 7. 
Firft, I of > of \-^T. And 7=6l||- 
Th?q 6-i|^-.r,=6JlJ=(J^=7-| of ir of f As 
>Kras required. 

Iftfacie few £)K:^m^i^^ be well under(lood, the whole Buitneft 
of Adding and SuhftraSiing Vulg^ FraBions will be eafy ; 
which is realhr much more difficult to perform than either Mnliu 
fUcation or pivifion^ as will appear in tie next SeSlipn. 

Sed. 7. ^ttUiputattoR 0/ ifrtttionb 

In order to perform either MuHiflkfUhn or Divijiony you mull 
prepare the Terms to be MutiifUed (or Divided) thus ; Reduce 
Comfeuj^d FraSions to 5i»5jp/^ o«<?j^ jPtr S^£?. i. Bring mix'd 
Kumhers into improper Fra^i^usy ana exprefs ^J&o7^ fjkrnbert 
PirdSiiaJ>wif0y fer SeSt. ^. Alfo it will be convenient to Abbre«' 
viate them to their fmalleft Terms when it can be done. Thed 
MuJiifUciftiw Jfiay he thus pedGofmed. 

C Mohi^y the Nnmexator^ 0^ htfo mribef far a 

RolexNew ^kuc^erator ; ^ iptd the P^omiiyitorGi m^ ifflf 
JLanbtber for a New' Denommator. As iu tbefi 

Examf^^^* ... 

, i\ The VrUi^ pf^ into \^j\. That is, 4I^=tI*' 

i. And the Vroiua of -^. intp |T=iTv. Qr. tJ. 

3. Again, the VradvJSt q£^^ inpo 4 of 4^^=Itt. Or-rr*' 
For4^of4^=ff. ThcnTiXif=^n,«i4. 

4. Lee it be Required to Mtkifly 6 with jr* Thefe 
prepared for the Work will ftand tbus^ rX'i* 

wsu tf =T and ^i^^. Then iX^^acijA^ or ao^ 
.Pr,otherwife,thus6X3=i8. And JX<5='J=*. 
Then i8+aJ==ioJ. As before. 

5. Let it be Required to Multiply 7J with jy. 

Rrft 7J=i4, ai«l 54=H- Then J^)<i4=3441;=r4aJ^. 
. Now the Re^a of this Rule for Multiplying of FraQii^nsy 
and consequently of thefe Operations^ and aU others performed by 
it} inA be evioenl from this following. 



MhAM 



5(5 aviti^n^cit. Pait>« 

, Viz. If J be Multiplted, with »,* adcording^ to the Rule, tfaeic 
Prd^/»«waibc4*. But^:j=8. 
Now I =z2, and « ; =:4/^^ ^^^ 3. But 4X^8. Ergp^ «ec 
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* ■ * . 

' The fraSHons being firfi prepared as before direi^ed, Divifton 
may be thus performed : . ^ , ^ . , 

r^ Multiply f iri? Kuriientf or of ib'e Dividend into tb^\ 
Rule < Denominator of' the Dividing Fraftion for a Ne 
^^ Numerator : And Multiply the other Numerator oi 
C Denominator together for a New Denominator* 

Examfles^ 

1. Let yf be Dhidedhj |, viz. f),t(|j;=:? tic ^uotieimfj 
That is, according to the Rule 6X7.2=42 die new Numerator j 

and 95x3=105^ wk new Denominator^ Stc. as above. 

2. Let it be'requir^ to Divide J? by ^J, xi/ai, ,l)i|(; }? =1 J. . 
Fori2X20=24Q the new Numerator^ and 27X5—135 th« 

ficw Denominator. 

^ /J- Suppofe ii^ were required to Divide -r^ by t of -f. 

r^ To^'2oJ=*;% and }* = *^. Then Si^'fC^^f *•' 
fcS^ Quotient. 

•S 1 ><» 5. Let it be iCequirecf to Jbivide 40rf by sh 
•^ Fhrft, 40ff=-^44i Md 5|=^f Then/4}^:|^^(«ii^ 
\p But ' 1 J^ = 7^ the true Quotiifit Required. 

K) <^. Suppofe it were Required to Divide 13 by 4^. 
Xj Firft, 13*5-4. t'hen^)'[C}i=i8;, the Quotient. 

-..^s^, 7. -Again, let it be Rcqaiiedtd Divide -f by ^ 
u> ??«*. r)|C7T for the jQiiitfiW Reqti|ted; 

^ \ N.B. Frow £p^»r^ yo0 may plfervey thdt ithen anjj W^I^ 

^, Number is Divided tj a Fra£Uon Lefs than Unity or 1^ the 

^ Quotient will he Greater than the Number frofoi'd io ie^ Divil 

. s^ ded : But if any Fra6lion he Divided hy a Whole Number^* 

thl^ ^^^^f^^ than I, Then the Quotient will he Lefs tbak the Di^i^' 

^\ 4«fliJ; As i» the two loft Eg^j^fi/ 

^ S 
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As to the Renfon (or Proof) of this Ruk for Dividing 
FraSlions : Tis only the Converfe to that oS Multiplication, ana 
will be very evident from this following- 
Let ^i be Divided hj \. Which' according to the HuU is 
^hus, t) ^i rA-4- The.tiruc Quotient. ^ Now ^#-8. And 
a =2. j>^^ &<5?. 3- Confequ^ntly ♦^ Divided by -} is but. the 
feme with 8 Divided by 2. «;iz. 2.) 8 (4. The QuotieHt as 
Wore. ' ., 

I could have infcrted deome^rriaJ Demo^rations, for the 
fiules of Multiplication and Divijions of FraSlions; but fup- 
J)ofing the Learner purely unacquainted with thoie kind'of De- 
Ison&ations, I thought theie might be more intelligible to him^ 
icipecially in this place. 



CHAP, v: 

0/ jBDMimal ifratfioiu. 

WBEN^ or ijwbom this Excellent Inventhw of Dednui 
^ Arithmetick^ npas Firfl introduced is unferiain ; but 
^ouitleff its Improvements, and the PerfeSions its now in^ 
Ss owing to loHer Tears. 

Sc^. i, b/iotafion.. 

tn becimal PraSlions^ the Integet or Wh6le Thing (whether 

he Coin, Weight, Meafure, or l^nie, 8ccJ) in fupjposd to b^ 
Hivi/ded.UiXo Ten e^al^Parts ; and every one or thofe Te» 
*Vfi aire jfuppofcd to be Subdiv^ed into other 2>» Equal Parts, 

:. ad infinitum. . 

The Integer being thus Divided (hj Tma^inatiov) into iq. 
Op,, 1000, loooo, ^c. Equal Pdrh, Decomes the henbminator 

Vsitt)^cimdlI^raBion. 

Thus, T-^. t4v. rrc-^. -rr4^. 7.t:J44t, &C. . , , 
Nqw thcfe Denominators are feldom or never ^t down, bqt 
fJij. die .Numerators ;.vand thoie are. either difiingMiihed, or 
:paratcd From tVhole Isfumbers by x Point or SLComma* . 

Thus, 5,4 is j-rr. and q,7 is t^. 35,05 is SSr-r^y ^^1 
But before we proceed farther in Notation, it will be conveni- 

^ for the Learner to confidcr of the following Tahlf, taken 

)ut of the learned Mr. Oughtreds CUvis Mathemntica) which 

wws the very Foitaditidn ot Deciipal FraStions. 

^ I Whole 
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IVtjolt Number Si Decimal Partj. 
54?2io. 123456 

«» 17 *» JT *» iT •» 
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fey ttib Tahl^ it is evident, that as in whole Numbers oi^ 
integt^rsy every Dt^gree from the Units Place increafes towards 
the left-hand by a Ten-fold Proportion: So in Decimal P^rts 
every Degree is decireafed towards tke ii^)(-band by the iamc 
Proportion^ viz. by Tens. 

Therefore thefe Decimal Parts or Fi^iiSlioiis^ sirefeafly moK 
Homc^sneai, or agf^ehie with If^BbU NumherSy lUbAn Fulgas^ 
j?m6iions\ for indeed all ^nNumhers 2ae in cSeift but Eht* 
timal Parts one to another. 

That is, fuppofe any Series of Equdl Numbers^ as 444, ©r.' 
The firA 4 towards the Left is Vnt times ite Value of the 4 in, 
the middle^ and that 4 in the middle is Ten times iostValue ot 
the lafi 4 to the Right of ir, and but the Tentb Part ot tfiac 4 on 
the Left, &. 

Therefore all or any of them may be taken cither as Integer Sf 
, Cr Parts of an Integer : If Integers^ then they muft be fct down 
withf)ut any Comma or Separating Poi^r^ betwixt them thus, 444 
But if Integers J and one Part or Fraction^ put a ComMa betwixt 
fhemthus, 44,4 which fignifies 44 Wlyole Numbers, and 4 Ti^nths 
of an Unit : Again, if two Places of Parts be required, feparaite 
ftem with a Comma thus, 434417/2:. ^UnitSy and 44 Hundred 
Parts of an Umt, &c. 

-From hence (duly compared with the Tatle) it trill be ca^ 
to conceive that Decimal Parts take their Denomination from 
the Place of their laft F/f«;'^. 



.That is, - 



35 -Tt- 



Ptfr/i of an tfnif, &c. 
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Cyphers aonex'd to Decim/il Parts, alter not their ^W»r. 
As, ,50, and ,500, or 5000, &c. are each but 5 3>«iri5^J of an 
TfaJ, For -44=^. And ^444^=^1. Or ^i^^^. Per 
Sea. 4. of the hft Chapter. 

But Cyphers prcfix'd to Decimal Parts decreafe their Krfi^^^ 
by removing them further from the Comma. 
r- ,5 = 5 Tenth Parts. 
Thiia ^ >05 r= s i'iirf / of a Uunirei. 
I »^5 =^ 5 ^iwti of a Thoufdnd. 
t ,0005 5=c 5 Parts d£ Tim Tboufimd;, &d 
Confeqaendy the true l^d/«^ of all Decimal Parts are knowii 
iqr their CKfiaiice firom die Ihnts Piaoe ; the vvfaidi^ beyig once 
r^htly underftoody the reft will be eafy. 



In fetting down dif propoied Numbers to be Adiifd, or 
^ftraSledi gtes^t care mufi be takeh in placing every Figure 
diilaly underneath thofe of the fame Vahtey whether they be 
MixdNumbersj or Pure Decimal Parts, and to perform that 
you muft have a due regard to the Comma's, or feparating 
Points^ which ought always to fland in a dxtt& Line one under 
another ; and to the Right^and of them carefuby place the 
Decimal Parts, according to their refpe£tive Values^ or Drftoft^ 
ces (t6mUnit. 

^ Add, or Sobftraa them as if they were /i7/ Whole 
B.uU.3 N««*ers ; and from their Sum or Difference, cut ojff 

jfotnany^Dtdxnali Parts as are the moji ifs any of the 

Cg}ven Numbers. 

Examples in ^Xttkiim. 

Let kbe requiied to find the Sum of thcfe fibltawing Numbers^ 
^ 54^5+^5,34-ia8,7+P5+87,8+7,9> which being trulj 
placet^ will ftaod 

34^5 

V 

TbcU Sum required, 419,2 . . - 

1 2 ^ »«4»Jjf/r 



6o 



Sltttiimeticlr. 



Rartl. 



Example 2. ' - 
L«t it be tcquv:ed to find the Sum of 25,8l54+34>5x8+?;07^ 

34.578 
9,075 

153907 



8^415 Tbe SiHEffx required 



When the Decimal r oris proposed to be Added (or ^IfirMBed} 
have hot tbe &nk NumVer of Pkces, you may for convenience 
oC Operation fupply. or fill up the vend Pkces, by Anneiing^ 
Cyphers. As in thett Examples. 1 

Example ^* Example 4. 



45,0700 
50,7580 

J2?,oo57 
'.74,702b 
24,8000 



574,678955 
P5>796430. 
78,054600. 
^4,789000 
( 8,900000 



518,3557^ Sum 812,218983 



Example 5. 

0,975^542 

,745257 

,000598 

,800760 

• ^640530: 

3,i^6272i 



Examples in ^Vibf^tatSiW, 
Let it be Required to find the Diflference bctw«cn 45^75 and 
74,284. - ^ 

"" Example 2. 

From 427,5 
.Tak<$ 89.657 



That is. 



Example i. 
From 74,284 
Take 45,375 



Example 5. 
From 75,0054 
Take 57,875 



Rematfts 28,909 



347^84? ^7,1284 

Example 4. ' ' 
Let it be Required to find; th^ Eicefi between 562 and 

93,5784- ^ • r. r 

Example 4. Example 5. 

ITiat is, Frdm 562, ; ' From 345^7575 

Take 9^,5784 Take 157^' ' -^ 

The Excefs 468,4216 ^ 188,7578 

Note, The two Ikft Examples are foppofed to be fupply'd wifh^ 
^JP^^h which if aSually done WouM fland thus, • 



562,0000 
93^5784 



345,7578 

155,0000 



it^i^f 468,4216 As before, i88;7578;' 



ExamfU 



[ chap, f ■ or l^ztim^l ^tattim^ e% 

Examfle 6. Example 7. 

i From 6,54789? From t,oooooo 

T^e o,439V58 ^ak« 0>9P754? 

0,108155 0,002457 

The Proo/ rf Addition and SuhJiraSlion in Decimalsy is the, 
I feme with that of Whole Number Sj Page 13, 0f. 



•mr 



Sea. 3. ^ttltipltcatton 0/ &>mmals* 

Whether the FaSlors^ or Numhers to hf^ Multiplied arc pure 
Decimals, or Mixd. Multiply thtm as if they were aU /iF2ro7^ 
Numbers, and for the true K^ite^ of their ProduSl obfcrvc thtp 

r C«f (?j^ (viz. fepnrate with a Comma) yi many Platen, 
Rule. < c/ Decimal Parts in the iProdudl, as there are in htk 



="aaors accounted 


togethtr. 


As iH t^fe. 


Example I. 




Example 2. 


5,024 
2,25 




32,12 
24.5 


9072 
•6048 
6048 , 




12848 
6424 



6,74352 780,516 

The Reafbn why fuch a Number of Decimal Parts myft be 
ciit off in the Product, may be cafily deduced from thefe 
Examples, Thus^ 

In ExampU i, *Tis evident, that 3, the whole Number in th^ 
Multiplicand,' being Multiplied with 2, the whole Number in 
die Multiplier 5 can produce but 6 (viz: 3X2=6.) So that of 
ncccfficy aJl the otHer Figures in the ProduB muft be Decimal 
Parts ; according as the Rule diredls. 

Or, the Rule is. evident from the Mftltiplicafio,n of Whole 
Numbers oiJy : Thus,' fuppofe 3000 were to be Multiplied with 
200, their ProduEi will be 60DOOO; That is, there will be 
b mzx^ Cyphers in the ProduSly as are in both iht Fa&ers, 
(Vide Page 18.)^ Now if,inftcadofthofc Cyphers in ^^FaEt^rs^ 
\YC fuppofe the like Number c^ Decimal Parts \ then it follows,- 
that there ought to be the fime Number of Decimal Parts in thft 
PfoduEt, as there were Cyphers in the FaSlors. 

Again, the Rule may be otherwifc made evident ^m 
Vy^gxr Frifjfif/Wjjj^ thus: Let 32,12 be Multiplied with'' 24,^, 
- - - and 



^» arttl^iiietfcit. I'ait 

rad their /V«^ will be 780,5 f $ as in Example i. abovJ 
Now ja,i»=32Trx. and 34,}Ba4Ti- which beind 
|>ioiight into Improper FraBhm (fer Se^. |. Page $o1 
wiU become jaT44=»*4;5. and 24^-'^ ' 

But ^•:i;:=78oi:o. w*. 7«o,5itf- 

Angrofdiefe Three Wtfido, I j^efinK, IbfllcieQdf prove 1 
Tnith of tbe abovc^d i?tf i>, &c 

tkamfJe 4. 

5745 
P675 




471276 28725 

15565ft 40215 

514184 54470 



36246^54 387,7875 

N. 6. If fomefimes falls cai in Multiplying Parts with ParU^ 
thai there will not hfo many Figures in tke Produd, as there 
m^ to he flaces of Uecimal Paxts tj the Rule : In that Cap 
yu muft fapplj their DefeS tyfrefixin^C]\^tm& «o tbp pj^ 
dud; tf A t« tibr/> Examples. 

Exmfle y Skmfle 6^ 

>2?65 ^47 

»i4?S 30236 



11825 2082 

7Q95 1041 

' 9460 6p4 

^^?.^ ,, ,ooo8i8p2 

• ><>5758775 

When any propoM NumUr oF Decimals is to be Muftiplieit 
with 16 . 100 . xooo . 10300^ 8^. Tis only Removins the 
l^ratiiig Point in die Multipficand^ fo many.^aces towards the 
Right-hand, as there are Cyphers in the MulfipKer^ ' ' \ ^ 

. JThos, ,578XXO=:5»78. And, ,578X100=5758' 
"^gaiflf ,578XlMO:=:578. Or^ ,578X*Pooo:s?578o. 

Tfaeio 



kp, 5> Of Bertmal Jftaetioug- 6; 



Thefe tbiins being confider'd, k will be eafy ko MultiPli 
fcfmals, and determine theit trae ProduSs. As in theft toC 
mg Examples. 

57,056 MultifUed into 0,5^78 will Prodiue 32,978368 
I W543 into 5>4^6 will Produce 41,52151578 
f 0,56879 X 0,05674-0/5322731446 

I 0,03246 X 0,023645=30,0007672544 

87649 X 0,03^87^=3231,61863 
94,35786 X 6,57869=620,7511100034 
ZyH^%92 X 53,7438^x65^95001296 
f • . ♦ 

Kow it oftentimes happens/ that it wifi be needkfs to expreft 
tf! die Figures of the Pr6du& at large, (efpeclalhr. when the 
/^iSorifaave each of them many ^aces ^ hecimdPdrts^ as in 
I die Two lafi Ex amies) only £> many of theot as may fufficb ^ 
fcr the intended Oei^ ; arkl yet the ProdnH may be asttiuift. to 
h many Figures as are rctaintd, as/if the FaStfrt had bett 
Miilti filed at Large. And fuch Compendious CoikrafUons are 
not only of curiomy, but may alio be found ^ great eale and 
,dcto die Ingenious Praflitionfer 5 tfpedally ia Xefotwig Ad- 
mti JEtpatronsy or in cafcohting of trfganpnletrieal Problems 
iK^Ae NaXwral Sines and Tan^efits^ &c. Al iK^iieh may b^ 

Vi2. S?f /i&i? Units flace of Ike IMAj^di^eai^ nftderfeeak 
^Vmrttof the MwipScand, itHofe place pu mtefidto keep 
« tbe Produft ; And place all theolhef rigiAre^ b/ the Muhiplier 
« A juite contrary order to tbe ufuid tt;ay^ Then in Multijityirwt 
nhurfsi^tgin at fiat Fi^re •/ tbe Multiplicafnd vt^bi^b fiafi^h 
9ffer the higure wherewith you are then a Multiplying, pttivg^ 
Aw« th'if Pirft Figure of each particular Prpdud, ikecllj 
linderneatb one another ; jf?f bStetn you muJI have a due regdrjt 
to tbe Increaft which would arife out of the Tkoo next Figures 
fo ibe Right-hand of that Figure in tbf Multiplicand whiciyou 
then begin with. - '■• 



MxampJe^ 



J Let It be re<j|uitcd to Multiply 3,141592 with ^2,7438 and 
kt there be only Pour {daces ot Decimal Parts cetaiifed in At 
ProdttSi. 

If the propofed Numbers were to be ninhiplied at Lsrge 
HKJfmuilflaiidinadirea'Otderasttfualr ' ,. 

" ' ' • " "' Thui" 



^4. 



3twtpautictu 



Vas^ 



52.7438 



But haae'os 
finid 

0347,25 



Part r* ., 

J And ivoold produce Ten places of . 
C P^-'f^iatbc hit Example. 

nqwKi to have only Four jJaces of djofc parts 
let tbem down as before diieaed, and Aej will 

The MuH'tplicand placed as before. 
The Multiplier in a revoTc Order. 

m Pro^ widi 5, regud had to 5 times 2; 
The ProduSl with 2, inoeafed with 9X2. 
^oduBvritb 7, inoeafed with 5X7+5>X7. 
rroduct with 4, increaled with IX4H-SX4. - 
PrarfaSwith^, iiKreafedwidi4Xj. 
Prof/aS widi 8, inaeafed widi 4X8+1 X& 

k65,6^5 The true Prtfe/s^ as was required. 

•Ti**^*^*^" ^ *'^ Corttiaaiori is very obvious fiom difc 
whole Operation «rrou^ at ilrgc. 

thus 3>Ht59£ 
•. 52iy4?8 



1570796 

62852 

21991 

1257 



2513273* 
94 24776 
X256 6368 
21991144 
628)184 
»57 0796 2 



165,6995 



001296 



/Vo;» £»<>«; iff ^wi^f that til the Figures 
»« f*.- SqUMre to the RigfjUband^ are wbitlh 
oimtted tn the former ContraBion ; Ajid 
*i?^^ '^fi fi'S^ Produa j&fTf , is ike 
Firft there ; co^eipuntly the Re'atpn of 
platutg the Multiplier in 4 reverfe Orjer. 
fftuft needs appear very plaih. 

kxampU 3. • ■ . 
jSuppofc it were required to M^tiply 257,35^ with J6^ 
•pd to hsve ody iHcemuePredua of lateserL ' 



isr 




The fime at large. 5 257^55^ 
C 76.4$ 



20 



58848 
1029424 



1544 
180x4 



136 

92 



^ 19682,58688 



thap* 



Of i^eamal {Ifrattionjs. 6% 



Viz* In Example j. Ic was required to have Pour places o^ 
Dtcimal Parts in tht Pfi^uff ; cheretore the Ufiiis place of thd 
Mullipliifr was &t under the Fourth place ot Decimalf 10 the 
Mtdiiflicandi And in Example 2, becaufe it was cequir'd to 
bve ao entiie frodu^ of /viewers only; therfore the [/;y/74 
piece of the Multiplier was fet tinder the Vmis place of the 
MultipUimd* This, I fay, bein^ onob l^ightly underftood, will 
Rnder the Method eaiy in Praaice* 



Seft. jBOfbiOon of IBDmmali^ 

Livifion is accounted die moft <fifficu|t part of Decimal Aritk^ 
metick: In order therefore to inake it [^aln and eafy^ it will be 
convenient to refume wha£ has been £ud in Pa^e 25. 

r The Quotient Figure is ahoajs of the fame Value er 
yiz. ^Degree with thai Figuit of the Divideno, Sttwfer wirif A 
llbe Units flace of its Produd ftands. 

As for Inflance^ JLet 2^4 b^ Diiridedby 4^ 

C This is not 7 Ut 70, becooie tibe Vnifs 
4) 294 (7 <piace of 4x7 flancls uixkt tte 22»i pkoe 
28 Cof llie Dividend 

14 (i Bat this is only 3* 
12 . 



kemains (2) HeAce 7;^ is the Qkoiteni. 

Now if tp the Remainder 2 there be Annexed a Cypher^ thiis^ 
iU3^ and dieki Divided on, it muft needs follow that the C7;!rif ^ place 
of the PrpduB arifing from the Divifor into the Quotient, will 
I (land under th/6 Annexed Cypher ; cpnlequendy the Quotient 
Ftpare will be of the bxok Value or Degree with the place of that 
Cypher: But that'^ the next below the Units place, therefore the 
ifiotient Figi^re is pf the ntssx Degree or Place b^low Unity i 
That ^1 in ihe Firft place o£ Dednud Parts. 

Thus 4) 2,0 C,5 
€{» that 4) 294)0 <73,6 the true Quotient required. 
Tlus heine well undedlood i Divijion of Decimals may ^in all 
die mrioiiB Cafts/be <ai3y perfc^rmed. However, that it may 
be render'd phdn mi eafy even to the me^Qeft Capacity^ if ^ofi&ble ; 
Lr Divi^M be agaib defin'd| as in Paj^e 21. ^ ^^ 

*^ ' K Viz. 



J I 



Viz. If that Nrnnber wbick Divides oMotbtrj he Mukipbcd 
ivitHbe Nvmhctwbicb is frodkced^ tbeir VtaSaBt mil he the 
Nnmber Divided 

This Definition alone ("if compared widi the RuUj Page 61.) 
will afferd a Geneial iPcr/^ for difboveripg tbe true Value of tbe 
{luQtiertt figfire'm Dhifan cS Decimals. 

p Tbe place of Decimal Parts in tbe Divifix a^d Quo- 
J* i^Ntient, heifig counted together^ nmS alwajs he eq/ud in 
*«w< Number noitb tbcfe in the DividetxL And from this 
CdenetalK^ arqetb four Cafes. 
Cafe I. When die places of /'^irfi in ii^ Diifi for mi Dividend 
«€ Equal, the Quotient mil be die whole Nmbers. 
As in tbefe Examples. 

253 5 , 35x> 

42 2$ 468 

42 2$ 468 



(o> (o) 

Cafe 2. When the Places of Parts in the Dividend exceed 
ihoTe in the Divifori cot off die Ex^ fi>r Decimal Parts in 
Idle titi&tienf. As in theTe BxamfUs. 



34,3; 780,516 ( 

72P 


32,12 


0- 


5; 34246/556 CtSjS^^ 
3052 


SI 


37|6 
3488 


391 / 

243 






2380 

2180 


486 
486 


2670 

5738 

?73« - 


•200s 
»744 

2616 
■ 2616 



(0> (0) 

Cafe 2. IVlier^.thartf are not fo many Pbces of Piares in the 
tlitfiaena, as are in the Divifir^ Annex Gypbers to die Di^^ 
dend to make them equal Tli^ witt the (luotient be fifaok 
JNmherj, ^ m Cafe h - -- ~- 



Chap>5>' oi l^tcimalftastiom^ ^7 

Examples. 
Let it be required to Divide ip2,i by 7,684, And 441 by ,7875 
7,684; ip2,ioo (25 ,7875)44i>ocxx) (^60 

*il!iL * 39375 ; 

38420 47250 

38 420 47 250 



(o) (o) 

Cafe ^ Vt after Jyivifton is finifted, diere are not (b xtaof 
Figures in the Quotient^ as there oo^^ to be Places of Parts by 
the General Rule i fupply their defeft by prefixing C^fhers to it. 

Example. 
Let it be required to Ditide 7,25406 by 957* 
1^5406 f>jf0O758 the true Quotient required. 
699 



n 



5550 Again ,575^ />007475 dooi} 
4785 575 



7656 1725 

7656 1725 



i (0) (0) 

^ote^ When Decimal Numbers are to be Divided by lo, loo.' 

1006, 10000. 8r. that is, when the Divifar is an Vvit with 

Cyphers 5 Divifton is performed by Removing or Placing the 

I feperating point in the Dividend^ fo many places towards the 

Jjrfthand, as there are Ciphers in the Divifir. 

Example. 

i 10) 5784 r5784 10^) 5784 (5734 

I ^ xooo) 5784 rs,784 ^opooj 578,4 r,05784 

Note, Tbefe Operations are the dtrecl Converfe to tbofe tn p. 62'j 

I prelume it needlefs to mt more Examples at Large, only infert 
a few Dividends J and DwiforSf with their Quotilints ; wherein 
«e contained aU the Varieties tt»t can happen in Divifiom or D^ri- 

574J 403066 ^859 5>74J 49>3066 f8,59 

574>> 4i^3>o66 ^,859 5i74^ 493066,00 (85900 

574>' 49^3066 (^,0859 P574>) 493^0665 (8590 

S^n) 4J^?0i^ rSS? ^ *^74^ 493066 (8,59_ 



6S 



dtit^tittttcft^. 



r^ 



Partt 



Tilery is alfo ai compendious way of Contrafting Divipon ; 
like unto that of Mujtiplicatiofty nige 64. by vAAai much La- 
bcyor may be laved ; Efpccially when tl^ Divifor hath many Pfacei 
of Decimal Pofis in^ it : And it's thus peiformed. 

Having determined how many Places of Who^e Numiersititxe, 
will be in the Qfotientj if any at all ; or if none, of what value or 
place the iSrft Figure in the Quotient will be: Then omit^ cr 
prick Off one Figure of the Divifor at each Operation ; viz. for 
every Figure you place in th^ Quotient , prick Off one in die 
"Jfiivifor ; having a due resard to tht Increafe which would arife 
firom the Eigure fo omitted. 

Example, 
Let it be required to Utvide 70,23 by 7,9863; 
*" ' '^ " " The fine atLeng^i 



The Wof k ContraSed. 

7,9853) 70,2300 (8,7938 
,... 63 8984 
63396 
55904 




7,9863; 70,2300 C«,7938 
638904 



6 339t 
S59Q4 



3 
I 

7491 90*' 
718767 
304220 
239589 



64 6410 ' 
638$ 



I90£ 
506 



m 



TTie Work ContraSed I prefume is fo obvious (]S compared 
with the fame at Large; that it*s needlefs to give any fiirther 
Explanation of it. 



Sei^- S* T'o Reduce VSitAm ITnictionf! im 33>ettmalf, 

" and the contnarj. 

Any Vul^ FraBion being ^ven, it may be Reduced^ or ratfaes 
Change into Decimal Parts Equivalent to it. Thus^ 



J^««^j^^ Cyphers to the Numoator, an^tben Divide it 

Decimal 
near 



Rule.^ ta^ t^^ Denominator, the Quotient tftf// he the De 
^ ^^ Rrts Equivalent to the given FraSionj or at leafll^ 
L it AS mays he tbongbt necejfarj f4 afffoach^ 



I 



f thap. y . . Of j^ecimal fractioniEf. 69 

\ J. I ' — — ■ ,1 II I I n il I 

' ^ Example. 

rris required to Cbof^e or Reduce % intx) Decimals* 
4 J ^fio (jy\ liic Decimal Paf9s teqaixed. 

Tbatis,i=T^rr,75. 
Again 1^,S Thus 2) 1,0 ^5 And i =r,a5 4) 1,00 (",25 
Suppofe it were required to Change y into Decimal^, ' 

7) 4,0000000000 (^,5714285714 &C.z::|. 

i*fe, Wlicn the laft Fijure of the Z)/2>(/by ("That is^ the 
hetmiinator of the ptofotbi FraafoftJ happens to be. one ot tlieft 
Figures ; viz. i . 3 , 7 . or 9 . (as in the Example) then the 
Decimal Parts can never be precifely Equal to the given Fra^iof» j 
j jfct hj continuing the Divifiov on, you may bring them to be very 
I Dear the Truth. As in this Example ; Suppofe it was required to 
Change pi- into Decimal Parts. 

13 J ipooo (fi7692$O76p2^07&c,adi»fiftitum. 
91- • . 

Thgtis, 0,07692307692307 rr,' fere. 

And from hence it may be fkrtliet 
obferved ; That in thcfc imperfeS 
Quotients J ^t Figures do return again 
and circulate in the fame order as be- 
fore : As you may eafily perceive they 
begin to do in me (eventh place of 
both thefe laft JE¥<?i»j>fef, 

As at firft. 

^Thpfc being underilood, it will be ea^ to find the Decimal 
°Jps Equivalent to any known Part or Parts of Coi^Sj Weigfjts; 
l*jf^furesy or Time^ &c. If your Firft Reduce the given Parts 
^Co?», &c. into zV^^gar FraStioft^ vfhoft Denominator is the 
^i^mher of thofe known Parts contained in the Integ'^r^ and the 
pvcn Parts its Numerator. 

Exaipplfs in Coin, Qc, 
^.t. Let it be Required to find the Decimals of 16 j. 6 d. 
m 16 jrs jt ot one Pound, and 6 d, ^j of i /. ' 

^But4^-J^=5Ur Then 40; 25,000 (,825 the D*?r/>»/2/i^^r(/ 
\fpired: that* is, 825=16 s.6d. 

Again, Suppofe it were Require^ to ^nd the Decimals fequal 
P 3ti?,f. 4# ' 




70 



^ritimttitt. 



"PartlS 



Here 5/. is 2 Integers, and l?i.=;Jof lA aiid 4^.= ,jt,« 
B"t Ji+J^^TiJ;. Then 240^ 160,006 {^,^666^ 8f* 
Hence 3/. 13 j. 4^.^3,666666, 8r. As upas fcquiied. 

2. What arc the Decimals equal to 7| Inches, one Foot bdog 
wade the Integer. 

Firft, 7 Inches are ,; of i Foot, and i of 1 Inch are 4^ 
^t , l^^\—ii. Then 48) 31^000 (y6^^Sl&c.—7 J Inches. 

3. Let k be Required to Change 8 Oz. 19 Pwi^ 8 Gmwinta 
pecimals ,• one P&und Troy being the Integer. 

Thcfe being i?^^«rtfrf into theu lead Termsy and ^^ir«r to» 
^ethcr, will bccc^'c f ||.$ of i Pwnd. 

Then 5760^ 4304,000 (^,74722, 8^. The Decimals required^ 
And, thus may any ptopofed Parts of CwV, Weights, MeafidreSp 
&c. be Reduced or Changed into Decimal Parts ', which perhaps 
may at firft fecm fomewhat tedious in Praflicc, but bcb^ a little 
acquainted with them it wi)l be found very eafy ; and the ingenious 
Praaitioner will (with a littlfe Confideration) loon find how to 
Reduce them almoft mentally ; or with the help of a very few Fi- 
gures; without the Ufc of fiich hxgt Tables as are ufually inferted 
In Booksof Z)mW Jritbmeticky 01 at moft they may be contraaed 
into fuch as thefe following ; wtuch if duly applied to thofe Tables 
in Chaf. 3. wiU be found very uftful. 

Deciinal Tables* 



j In EngUfhCoin. 
'o,05......=ri s. 

0,0046667=1 d. 
0,0014167 X Farthing. 
I,/, being the Integer. 



Averdufois Weight. 
0,0625 . . . . =r I Ounce. 
0,00390625=1 Drachnu 
I, lb being die Integer. 



Troy Weight 
0,05 ~i Pwt. 

0,002C8 ? 5 9= I Grain. 
X, 0^. being th^ Integer ^ 



Apothecaries iV^ight^ 

0,125 — I Drachm. 

0,04166667=1 Scruple. 
0,002083357--! Grain. 
I, Oz. being the Integer^ 



Averdufois Great Weight. 

0,25 .—\ C. 

0,00892857:= 1 lb. 

0,0005580;^=:! Ounce. 
I, C teing the Integer. 

Time. 
0,04166667=1 Hour. 
O,oo66p444r=i Minute. 
0,00001 1 57=ri Second. 
I, Day ot 24 Hours being made 
the Integer. 



The Ufe of thcfe Takle^ wil^ he.?videqt t>y tlie following 
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ExamfU. 
Let it be Reqoic'd to find the Decimal Parts Equivalent to 
ly s.pd» 2 FartbwgS' 

Firft 0,05=1 s. Thciefore 17XP5=,85 . 1 • .=17 s. 

i And j004i<6=::i d. therefore A>4i66xp-,037494rrp d. 
I Alfo 2)t 004166 f— ,002083=* d. 

Confeqoently their SiRri», viz. 0,889577=17^.94^. 

Now to find the Value of Dedfmlsj in known Farts of Coift 
OK Weights f &C. is only the Converfe of the former Work. And 
is thos pmbrmed. 

Multiply the given Decimals with Z*^ Denominator o/fA^ Vul- 
gar Fra^on required : Tha:t isj Multiply the Decimals withfucb 
a Uundber of Units as are contained in the next Lower De- 
nominadoa of that Kind or Spedes which your Decimal is of: 
And the Produfi mil le the Number required. 

Examfte. 
U What 18 the yalue of 0,825 Decimals of i Potrnd Sterling. 
Hat is, how many SbtlHftgSy Peme^ &c =,825, Firfl, the next 
ijower hetsmmm^im is ao, becaufe 20 j. inake one Pound, 
Therefore 0,825 
20 

SbiSings 16,500 Aid Parts of 1 Sbillifig, 

Pence 6,000 AnTwcr 0,825=16 j. 6d. 

Agun, What are the known Parts of Englijb Coin Equal t<) 
IJ1666666 Decimals. 
Here die 3 Integers zie^ Pounds. Then ^6666f66 

20 

Shillings 13,333320 
12 

Anfwer ^^66666=^1 i^s. ^d.-^ 6666/p . ^ 

P^ce 3,999840 
What is Ac Value of 0,74722 Ptots cf 1 lb Jioy. 
Firf^ ,74722 Then, ,96664 Again, ,33280 

12 20 24 

1 > ' • ■ M ■■■ fi 

149444 P«?fi. 19^33280 133*2^ 

74722 6656 



TbefeCoa6aedairi& }9_* 8« very neat A^kI 



^2 antiimeticlt. ^art t 

' ... < . ^ — 

And thus any propofcd Number of Decimals may be cuni*d 
or chaug'd into the known Parts of what diey reprefenc^ 
viTi. Whether they be Paatts of Cpi«, Weights^ Meafyrey a« 
Time^ &c. 

1 have omitted iiilerting more Examples of this kind, becatifa 
I take the ExceUeticyi and indited the chief Ufe of DecwuA 
FraSiions to conlift more in Geometrkd Comfutations than iii 
the Common or PraQical Parts of Arithmetick fas will appear 
fiirdieron) although even in thofe tliey' are very uleful upon 
levera) Acxx)unts; Efpecially in the Comfutations oi Intereft 2uai 
Annuities J &c. ( But of that more in its proper Place.) I fhaO 
therefore conclude tliis Chapter with a Remark or Two upon xht 
Natufe and Properties oT FraRidns in GencraL 

If any given JV^i^^yl'^ (whether It be Whole or Mix'd) be 
Multiplied with a FtaStion either Vulgar or Decimaly the 
ProduEi will be Left than the Multipticand^ in fuch a Propdiv 
tion, as the Muhiplyifrg FrnHion is Left than an Unite or i. 

That isy as the Denominator of the Fra^on is to its Nume. 
later; /o vhU the given Number he to the Produft. 

T)ierefore, whenever any Numher is to be Multiplied with a 
FraEtion^ whole I^umeratcfr is an Unit. Divide chat Number by 
the Denominator of the FraSion„ and the Quotient will be die 
ProduSl required. Thus i2Xi^3» And i2-r4^=55* Aain, 
12x4=5=6. And i2-r2~:6, 8r. , 

From hence it foUows, tiiat if any Number be Divided bj a 
Fraaion^ xbt Quotient will be greater than the Dividend^ by 
fuch a Proportion as Unity is greater than die Dividing FraSHon. 

Thus i2-r;.=j.8, viz. i II I : 12 : 48, ®r. But theXrudi 
of tbefe will be beu underAood after the next Chapter^ 



CHAP. VL 

Oj CdlttimieO ^ropofittow, and h&m to C|$iljSe or V^m tie 
Ordit of Things. 

Sea. I. Concerning Arithmetical Prc^ffion, ufudlj called 
Arithmetical Propordon Continued. 

T|rHEN any Monk or Spi*^ of AkawJ^^^doeidier Imxcafe 
y or Decreafe by an ^\x^ Interval or Common Differ^encei 
thofe Numbers are laid to be Iq Arithmetical Progreffian. 
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l^ci , 2 . 3 . 4 . S • 6 . 7 S**- 7 ;f H«re tlie jntetvsl or 
i 17. 6. ^.4'. J. 2. I 3i Common Differtn^eis i. 

^ Qj i 5 . 4 . 6 . 8 i 10 . 12 . 14 ^ tjrf I^Jr Here . the Commoil 

1 1 . :{ . S . 7 . 9 • II • 13 /gr.. r I LiffWi^Hce'U 2- 
^ And Co of aiiy othec S^rUs, whofc Cofiinich Differ ^nct is 

3.4. 5. er. .^ , .. 

> Lfnrnia \^ ^ ,^ « . ^.^ .,... ;^ 

If any Three Ar«i«J^rj be ih AriihtmtUAl PrvgreJ^on ; tht 
$««of die, two JBjcirgfms (viz^ thq firft ajid -Caii) will be 
c<pu to thcv Double of the Ai^4» or midiUe Humhef^ - 

As ill thcfe, 2 . 4 • 6 . Or 3 1 6 /^p *. Or, 4 . 7; ti» 

fVz. 2+6=4+4. ^ 3+9=6-f'^* And 34- 1 1=7-1-7. Sr. 
Lemrna 2. ,! . / ' ; .. ., * 

If any Rgur Number s are in Arithmsiica\ Progre]ffi(m^ thq fe^/wot 
the Tv96]^trfam4 will be Ejjual to theiS«* of the Two Mehts. 

As uithefe/ 2.4 6 . 8- Or 3 . 6 . $> . 12- 

f'/*. 2-f8=4|.6. Aiid 3+i2=i54-i?.8fo 
Corollary, i. . 

mm.iiiefe It^Lindma'i ifV eafyib cbncni^e^ ihattf neatr 
/o«««rt Numbers *^ f« Artthnieticai Progreffion, /i{^-cr Supntf^f^e 
Tttv Excreaiils will Ike Ewd to. ibtr Sua) o/" i^ 7«)9 l^eAiwj; 
^b^ are Mftally; diftAhi from ihofe ISatxtm^* /. : 

A'sin^cfc, 2.4,6.8. id/ 12. i4 . i5. • 

Then 24-16— 44 14^=6+12 -&+10. 

Or if ttie ifukher of J>rw be odd asthetf; 
«• 4 . 6 .' 8 • 16 . 12 . 14 . 16 . 18.- ^c. 
Then 2+i8i2:4-f-t6^tf4-i4r:8-+i2=io+iQ: 

'*. . /• tsmna 3. . ^. : , 

t^cfy ^tries of I^umferi in 4riXhffkttlcAl Prt^eJJion is Coitipo^ 
M of the tnXervd or Common Differtme^ fo ohcn repeated ai 
^c are Terms m the Prc^reffion^ except the Firft. 

^ i^i th^. I. 3;:5' 7. 5?^.iXr. i^- i5; I7- i^O ^. . ^r . .^ 
Here the interval or Common Difference, bcihg Two^ it wiu 

r l+?-3-. 3+2-f=5- ' ^+2-7.. .7Hr2=p y+2=xi. 
«+irfi3| i^rf2rfct5. i5-i-2==l7-0^- 

i. *'■..!■ . .. ^Coroll^y 2, ; , . , , , . ^ .^ 

Iftams (wi.. h.fl«<f 17^ ji compiofed i^thj C$prtmoK Diftercnce, Mut 
^Pjj!^i*^« fi^ Number 0/ 4//. f*^, Terrns, excefiiti^ihe Pirfi . 
A« iu th^ afgre&td ercjgrerfioH^ i. 3. 5. 7* y^ ^t* ^5* i.T* 






A I 



74 3iVVa^mttit%^ Part I. 

. The Numtt^r Qi. Terns wichou^ t)\tFirft is ^Lju^uMm 
The Common Di^^re^ceh ^'"^""'"r'J 

* The Difference betwixt the two Bxireams 16 

Vrofoftiion 1; 
In any Series oF AT^wJ^r in Arithmeiical Proj^ejj^n^ the Two 
Efctreamsy and the Number of Km^ jbcing givcri; thence to 
find the Sum of alj the SiriVx. ^ , ^ 

r MnlfipN ibe Sum of tbeiwo Extrtams tnio tbe 
n^ \ Number of all tbe Ikrms ^ and Divide ibe Frodua 

Theorem. <^ ^^ The {iuoiient will he ibe Sum of all that 
L Series. FerCorol. 1. ^ 

Bxamfle t. \ 

Tis Require4 to find the Number of all the Strokes a UCPck 
flrike? in one whole Reyolntion of the Index, Wz. Twelve Hoi«5. 
Here 1 4*2=: 13 tfl^ S^^w cf the ^o Escfr earns. 
• 12 lie NumVef of all the l>r«^. 



. Tito aj> 156 (t%, Tli^ MflwJ^y ofjSftQkeai M^uked. 
Bxamfle 2. . ' v 

v^ ^pIxiA xme Hundred Eggs were liaoed in a Ri|ptt Ljne a 
Yard diftant from one aaothecj and the fii* %g»eie ^a Yaid 
from a Basket ;. whether may a Man gethv »p thcfc lOO E^ 
fingly one after another, (Utt retvirms^ Wh every Egg tp «c 
Basket and put itin, b^ore another ManoanJ^JP^ur Miles. 
That is, which wiH run the greater tfupber of Yard^i 

In this Quezon aoo-+*2=raoa Is. Ae Sww of die Two tSjctp. 

And 100 Is the NunAer of all the Terms: 

«^ — ^ c TheASiOTl'^rpfr^rrfi 

. . Then 2) 20200 {10100 3 1,^ ^^ ^^ takfs ug 

. ^theEggs* 
Notfr 2 Milcsr=:7040 Yards f The Yar<!s he runs that takes up the 
But loioo— 7040=;:3o6o lEggsniore' than the otbtti 

Propojiiion 2. " 
In any Series of Numbers in Arifhrnefigd Fr^eJ^okj, the Tif 6 
ixtreams zxA Number of 7tri»i being given; thence to find tbe 
Coounon I^erence of all the Terms in that Series. 

C The, Difference hetwixt the lioo^ ExtreamSf,^ 
^|4. J^eivg Divided hj the NufrAer of Terms lefs am 

XMOttm 2»^y„i^ ^ j^ q^j^g €iuotient mtt he fbeCmmo^ 
CDiffareme ofib^SeKies^ ferCoroh a. 

Example 
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Exmfk I. 

One bad Twdve ChiMren that dtfiercd aKke in aH their Ages; 
^e YoungeA was Nine Years oId| the Eldell was Thirty^Six and 
I half; what wis ^ Difference of th«ir Ages^ and die Age of 

pere 3^}5i»-pai27)5 The Bifferince of the Two Extr&ams^ 
And 12— ifisii. The Number of TSr^wi Icfs an Unit. 
Tta iij 27,5 Y2>5 The Comnjon DifFerenoe i?^f«irM 
iCtafeqciendy 9+2,5=^1 1,5 The Agp of the Youngeft but ^n. 
M ii,5 -{-2^5=14 The Age rf the Youiigcft but two. An4 ^ 
Dp for the reft, per Corot- t- 

A Dd>t is to be Difcharged ^ Ell^^eA ftveril Pj^nieiits to be 
Jttdc in Arithmetiedl ProgreJ^on. The 6rft Payment to be 
Tivrive /^mk(| Ttn Sellings, and ^ Latfl to be &xlf Tbw 
fwnJU. What's the whole iJebe, and what mufl eadi raymenC 

Per Theorem X. Find the %vhole !)cbt tfws^; 
12,54.65=75,5 ITic S«^ of the Extreamt. 
1 1 The tfmdbef of I^rw. 




aj 840,5 (4X5>:=r:«5?- 5 <• Th« whofeDcbt ' j 

[Then ^^ Theorem 2.* Find the Common Difference of each 

%aaenr« 
Th» 6j— 12,5::550,5 The Difference of the ExtreAmu 
And ii-p.i=:io The Number of tirms.llg& i. 

Then loj 50,5 (5^5=5/. i j. The Common jD/jg&r^;^^^ 
* A J. /. 3. /.^ i:! 

|V»fequ€a(tly 12 . ii+5 • 1=17 • 11 The Second Payment. . 

\ t* s. h s. I s, . . 

«w 17 . 1^-1-5.1 =22 . 12 The Third Payment, 8f • 



A Man is to Travel from tpnion to a certain Place in Tea 
^\ and to go but Two Miles the firft Day, cncrcafing crcry '. 
l^ys Journey by an equal- Excefi ; fo that the laft Day's Journey 
fl^Jy li Twenty Nine Miles; What will each Day's Journey be, 
mhss9 many Mdes is the Place he eoes to, diftant froni L^fdon/ * 



T6 - atitl^mcttCt/ ^ ^Payt% > 

Firft 29-^ 2== 27 The Difference of the Extreamu 
And 10— l=p The Nun^er dL Terms left i. 
' XUeji- <>), 27 ( 5 -'f'^e Common Difference, - 
Gonfequciitly. '2 -^.5=5 The Second Day's Joiflrn^f, 
And 5-;-5- 8 .Th^ Third Day's Journey, ©r-' • 
Again 29+21^3 i "The Sum of the Extriams. 
\^ 10 The Numheroi Terms- 

2X^16 (iSi The^pl9i:ihc€'Jiequirei^ 

Thtr/t arc Eigh^^n 7 theorems, more relating to Queftiom. m^ 
4riihnetical/Pr9greJlihn; but becaufe they would Require \ 
^reat many Wordb to Ihew the Rcafon of them : 1 tlierefbre* refer; 
the Reader to the Second Part, viz. That of J^g^hra^ where'hc 
piay find their Analytical hyeftigatian. 

" ■' ■ ) ■■' V ^ ' > '' ."■ ' "" ■ ^ ' ? ' ' ' ""' ' ' ' * . .. ■ -I .1 

%c&. X. Goneeming <ffi^»t^(trtal fftcopor^'oji Cptft/nffed^i . 

:; ... ^ : Somtxim^s €^ed Geomefrici Pr4)grejfff^ _ ,. 

When Z'Rank or X?irit»^ of Nmihfrsj^o cithfo IiKiCcafe by one 

CortiriEion Muhifjicqiqr^ x^t Decrea^ 6y one.cdmmon jDi^^i^; 

^ ihofe Nuwibersztt fa^d to be in Qeome^ical Pri>portionc6ntmud. 

As J 2 • 4 • 8 • 16 . ?2 . 8^. here 2 is the common Multiplier. 
1 64 • 32 . 16 • 8 .4.8^. here 2 is the common Divifoir. 
Ot^ 2 , p .,*8,. ^4 . ^6a • 8^. .here j is the comnion J^lidtiplUr. 
:\i62 . 54 . 18;. 6 . 2 . jherc 3; is (heJcomippn Divifor^,^ , ' 

A^oftf, The common Multiplier (ox Divifor) is called the R-ath V 
andit^ihe^rsthe Habitude or Relation the lumbers have to aiio- 
ther, viz. whetheir tliey are Double, Tf iple/Qiadrupfe, 8^, which 
E^clid'-tUus defines, .' - ...•.' ^ . - 

.Ratio (or Rate) is the mutual HAbifude or Hefped of Tbdo 
Magnitudes '{coftfe^efrflj^ Two Numbers) of t^e fame kind emly 
to oth?ry accord i>f^ to Citiantiiy^ Eu. 5. Dtf. j. 

. rroporiion-(T2LihQT Proportionahty) is a Similitude of RatidhSi 
Eu, 5. Def. 4, . . „ 

So that there cannot be teis than Three Terms to form a 
Tr^ortionalifyjyt Sifniliiudect Ratios ; and if VutThjree.Tcrins, 
th^Acond muii fupply the Place of Two, As, in thele z.. 4 ^ S^v 
That is, 2 : 4 : : 4:8. (^of : :Tec pag^ t^^), , , >^ ' 

Here 4 the Aiiadle Term fuppjies the place of Two TerT^Sj 
ttiwit, ot the Secpiid and Third) 8 bearing the fam^ Rcafttii, 
y ' , : . ^ ''■ w * -Vr.' ^. ./.v ' Likenci^' 
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titened, or ,Propprti(^ to 4, As 4 dot^ to 2, ; ^iz»i As 2 : i^ to, 
4:: So is 4; tq^ 8* , f, : *r ..,.', '^ •. *# 

I 'v Lemma 1^ "" ' . -, .-. .^, 

If ftrcc Ij^maisfs iure proportional, ^lit I^d'Saig^e or PreduB^ 

of thp Two Extrjams; riz. of the Firit and Uft rerim wtD, to^ 

cquaTto die Square of the Mean or Middle Term. ^20 JSfljr/. 7^, 

As irftherc 2: 4 ; : 4 ; 8. 'fterc 8 x' 2=16 the Pr^duS gf tfe^^ 

fiWcanis, • r ' . . , ; r, . 

' ht\iyi^%^—l6 tlie Jji^r^ of tbeMean. B'gr 8x 2x:4->c45, .; 

I Hence it follows, Tliat if the ProduB of any Two Ntmler^ W 
Equal to the Square of a Third Numifer\ thofc Three Numhers^ 
v'^l be in Proportion, 

[ hewfM., 2» , • -n 

If ftut Numbers arc proprotional, the ProduS of' tht^ Twpty 
Extreams will be equal to the Produ£t of the Two Means 
{19 ISMlidj.')' • 

. As4n tbefc, 2^4: : 8.: 16. Here 16 % 2=^32* ' - ' I 
And'8 y 4=338. Confcquently x6 x 2:=r8 x 4» J .. 

Coro7. 2. . .,► .} 

I Frw? *^«r^ it fjpVowSy T^baf if ffe Vtc4a&ofavy^ TJw NqnJrr 
i IWi fe Equd to the' Prodiift of any ofber jW. Numbers^ ^P^ft^ 
Fm Numbers are Proforiionals. : • -^ - 

And from theft two Leynimsix. will be cafy to conceive, that i£, 
! ntvcr ft manv Numbers arc xx\ continued Proportion ; the ProduB 
oftht two ^xfreamsy will be equal to the Proefafif of any Tw6. 
fiem^ .that'arc equally diftant ftoni the Exfrenms. . 
As in theft 2 . 4 • 8 • i^ * i}2 • 64 . &c. f 
Here. 64. y 2«32 x 4=26. x 8, Qc- And if the Number of 
Terms be Odd, - 

A^ in thefc 2 . 4 . 8. 16 . 32 ,. 64 . I28L &. 
TheA'U« X 2=64 X 4=52 x8=3i6 x MS. 

Note, Tbe ChMraSermfidj ufe of ip fg-tify COfriinutidPrk^ 
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Ifi intf Strks of * (pit. rf <OHHfmti PH^f^idnals) that 
Nuvi^er whidi is eompared to another, is oitkd the Anfecedrnf- 
cft\» Ratio; and that Abg^^ to wbidi it is compared, iscaUed 
its Conpf^enf. \ 

. As in thcfe, 2 : 4 : :^ : 8. Here 2 is the Amece^nt, and 
4 li tJie Cmfequehi 5 ana 4 the middle Term is an Antecedent ta- 
||its OiTihifuenti Whence it fbUoivs^ that in cwry Series ^ af!^ 
tte rtiddfe Tcrtfis between the Firft tad Uft arc kxfidAntece^ 
d^ssudCdftfefuents. 

As in diefe, 2 . 4, 8 . 16. tz . 6^&c* Here 4 . 8 • 6 • $2 • are 
h(^€6i^pqueftt4 "and Anteeedifi^s. 

For 2 : 4 : : 4 ! 8 : : 8 : 16 : : 16 r 52 : : 52 : 64 @f# 

So that all the X^^s except tb« laft arc A^ecedent^i. And 
aD the Tcaxis except the firft are Confe^uenfs. . " 

IF never tb tp|ny Numbers are Proportional, it wffi be : As * 
f ny one of the Antecedents is tx> its Confejuent: So wiH tHe Smss 
of all the Antecedents \^x To the Sum of afi the Confequent^ 
Cxi&elid ^.) 

That is, in the foregoing S^lei. 

2:4:1 24-4+8+16+52 : 4+8+16+52+64 

For it's evident, that 4+8+16+^2+64 4ie Sm of all the 

Cwfejuents, is double to a+4+d+x6+32 die Sum of all the 

Antetedjfnts\ As 4 is to 2y acoordjf^ to the i?4f/«« and. would 

have been Triple, ox (^adruple,^&r. had the Ratio been 3 or 

Note, /« ^9/ry Series 4/ 77 the iS^tfiift if Ibun^ bf biifiMngf 
any of* the ConfequenU by its Antecedent, ^ , 

As in theie 2 : 6 ; ; 6 ;, x8 : ; x8 : 54 ; :.54 : 162* 
Here z) 6 (;j the ie4«i»p Or 6X 18 (? ©<. 
From the Second and Third Lemmn\ may be raifed Tivo 
General Tbfturemi or Ri4*$^ for finding the Sum of any S^ri^j 
in -TT with6*uc a continued Addition of all die Trm^i- 
- Let che Series 2 • 4 v 8 • X6 * ^2 . 6^ « 128 • begiven^to 
5jL>d, its Sum. 

Suppofe s::r:the ^m of all the Tr^^* 

Then will z— 128 :c the 5««r of all the Anfie0d€m» 

And z— 2=the Sum of all the Consequents 
But 2:4:: 3C7-128 : x~2 • f«r X^im^ 3. 

^rgo 40^^51 2 =r2x~4 . fer lennfia 2. 



fe 
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Ot the Firft Tenp, tbe common A^io^ az4 ^ hA Tom 
fconl^giLvcii. Thfeti 

MuHif^ ibe Lafi Terjk into the JPatf/o, ami 
frm ibiii Ptcdua Skhftt^ the Fk/t Thm^ 
Wh^orem 2.^Divide thai Remainder hjj ih^ jRatio Lefs VmitH 
lor I, and it will p^ tpe ^m of all the 
\Seriesm ■" ■ ,...:• 

For 42— 2zr=5l2i— 4. As above. 
KMkqpioAf TXr^-m^t^i^e^z viz. thfe 1# JAMdedby ir 



lExample. Let 2 . 6 . t8 • 54 : 1^2 • 486. ht the given ierieii 
Heie2 uthte Fkft renn^3ktkeiC'4^jj^ and486tbeljdl 2!fr^ 

But 486)(33isi4«jJfc 'Aiiiik^B^it=t456. *' . 

Then 3^13=2) 145^ ^728 t^iiiSonr tcmdrci * 
That is, 728cE2+6-t-i«+54^j^l^48& 

ta either of th^fe Tbeoremi it is required to liave tlie Laft 
term knowit (^thc which in a Lbnt ^^fe^ |t wilJ b^ ^crjt 
tedious to come %x by a 4X>fitinMd Mulfi^icafilpi^ Q^ytt will 
tfaerefive be convi^ieai to Qi^w how to cmsn- ti^^r the, t$$ 
Term OK any other Term^ wjiofe place 1^ a%ne4^ .witbo^ pro- 
dudng all the 7c*y«f J. ., 

In Older to that^ it vu^lH be n^cfij&ifio ptttpiSh the C^heiertci 
or Simaitode diat is bctwiit 'Nimhers in Atiftfmeiicd J^rbgreJ^on 
and thofe in deometricd Froptirfidn. 

If to any Seriej of Numfier^ i\x «■ wbjin tHc firft Ifef^w is not 
toUitf or Xydieiie bH Affignt^ » Series d NunAen in ^n/;&- 
mrfiTirf Wrogreffion^ beginning wiA ah Vnii or i, and wfepfi' 
CoauBOA ^0Sref§t9 is i. Qmd Mieet ^r ' $xfbueniu 

• ®^^ la . ^il,t6ip.6^. I28 8^. ft 

Xhtit . 



■V iifcir I.I.'- - — ■ ' ^ -rpi- ■ ' / ^ 

, Then will the Ad Jit ion or SuhflraSifoft offfiiy Twoof thofts 
Indices (or Numher^ in Ariibmetieal Prifg^^ffion) ^irtaly copi' 

Jrfpond with the T^dduti, be Quotient cT theic tel^eaiv* 
. rrwtf in die Sm^-^ ir ^ 

xnac is^ -^sag^ id=3i28 &«ir>^* r^^;» in-4^ 
*>S«*i, ^So 64>Ci6z=io?4. the Tenfb Term in ^ ' 

. But if thjc S^V4 of t4- bcgm with an Unit, thfc Indices muft 
,bc£^vith a.Cjp/'&^. ; 

^ Asintlirfe,:p-'J'-'^-'i- 4^ t'^;®''- 
' CI . 2,. 4, . 8 . 10 • 32 . 64- 

Nowbi Ac^hdn of :t^« IndUes^ and a few of the Fif ft JZ'ml 
In wjS^riei of it- It is .plain that aaey Term whofe i'^W oc 
Vijtamce froin the Firft "Rrin is All^nedy may be l|)^cdi]y obf 
cauicd without producing the Whole &r2>i. 

.-. .. > ... &ample t. . . • -:L ; , 

Nail, Two for the; Second, Four for the Thitd^ Qe. In rr thd 
Numherol Nails v^as to.be xin every. Sfioe, was. 28 NaiJs in ^ 
What mufi he have paid for the Horfe ? ' 

Firfti? •:' • ^ -J • 'if * 5* Mires y. 

. li 4:2 .4 . 8 >i.6; J2. i?f|yt&/>fjjj in fr. 

^WHichi^hcw to,b«aecoanted*tW;i8an<jiaft r«^«Bi ^caa/^ 
me Firft Tenn ^ tht $m^j[ U i, vhich 40(b neither Mt^ipii 

• Now this (54^h7if beiog the A^«(pjflr of Fmbkiitd U t»lct 
. K»r the laft Nail^ by it the common Ratio which is 2» and th« 
Firft Term whkb b j, may be/quodithe Sm of ail.' th* SUtruii 
feir Tbeo¥m-i* ..t ■ :.t :...:' ■■ . >' -' 
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268435456 From this PfoduQ SuiftraB 1. 
Vvi'- 268435456—265455455. Then 2— i=:i the Divifar, 

Confcquently 268435455 is the Suin of all the Series or -Pf^r^ 
of dic Horfe in Farihwgs i which being brought into Poundi^ 
&c. (See Page 46) will be 279620 /. 5 j. 3 rf^ 3 qrs. 

A conning Servant agrec(PWitn a Mafler (linskiird in Numbers) 
p ferve hitn Eleven Years without any other Reward for bis 
Service but the Produce of one Wheat Corn fot the Firft Year ; 
And that ProduS to be fow'd the Second Year ; and fo on from 
Year to Year until die End of the Time. Mowing the Encreafe 
tobcbutinateivfold Prtrfortion. 
\ Tis Required XQ^aA the Snow of the whdc Produce.^ 
fijAf 1.2- 3 . 4 • 5 . Indices ot Years. ^ 
I 10 • 100 • 1300 . 160QO . 100000 IFbeatCornsinit 



H^ 



4 -j- 2 = 6 
looooKioorsioooooa the Ah Year's Produce 



Aid/ 6 + 5 « » _. _ , 

, liooooooxioo6oo=iooooocxbooo. The El^enth at 

.Thfin (either by Tbeorem 1 or 2) the Sk«r of all iSat Series 
^be iiiiiitiiiio Corns. . Now it may be Computed ficotn 
^^^ n and 34^ that 7680 Wheat Corns round and dry* out of 
diemiddle of the £ar» wiU fill a Statute Pint. If fo ; 

Then 7680 J ijijuiiiiULO (^14467592 Pints, but 64 Pints 
*« contained in a Bulhel. 

Therefore 64) 14467SP2 ("2260564. Buflids. Suppofc it to 
J» W& 3 SWttngl^BuilieJ 5 ^ ^ 



Then ^ 226056* 



^ '6'^ 6781681^35908 /. 8 s. 44 il A very good 

ftcoompence fot Eleven Years Seryice. 

, There are fcveralpretty Queftions Refolvcd by Numtets in A^ 
^ibmefital Progrefflon ; And by thofe in sl whidi the ingenious 
^ner will eaWy perceive hereafter ; viz. When we come to the 
folutiofi of duefiions relating to Intet^fi 9fii Annuities^ &c. - 

M There 



;>^ihi 



«2 artt^mettCB> Part L 

There is alfo a Third Kind of Proforthn, called MuficaJ% 
which being but of little or no comtnon ufe, I ihall cherefoie gife 
but a Ihort account of it. 

Miifical Proportion or Habiiuje is, when of Three Numhir$ 
che Firft hath the lame Ptoporiion to the Third ; As the Z)/^- 
rehce between the Firft and Second bath to the Btffurence bctweea 
the Second and Third. . 

As in thefe, 6 • 8 • I2. vvjl. 6 ; 12 : : 8^-6 : 12*— 8 

If there are Four Numhtrs in MuRcal Proporthfty the Firft 
will have the fame Proportion to the Fourth ; As the Difference 
between the Firft and Second hadi to the Different between the 
Third and Fourth. 

As in thefe 8 . 14 • 21 • 84* 
Here 8 : 84 :: 14-8-6 : 84— 91=±:6^, 
Tiiat is, 8 : 84 : : 6 : 62. 

The Method of finding out lumbers in Mujtcal Proportion^ 
is beft exprefted by Letters ; as ihall be Ihewed in the Algebraick 
Part, , 



Sea. 3i Hrj) to C|^nse w tSar^p the Order of things^ &c 

This being a Thing not Treated of in any comnioh Books d 
Ariihmeiick (that I have had the opportunity of petufing) made 
me think it would be acceptable to the young Learner to knois^ 
how Oft it*s poffible to Vary oi Change die Order or Pofition of 
auy Propofed Numher of Things. 

As how. many leveral Changes may be Kxxpig upon any Pro- 
pofed Number of Bells; Or how^many feveral Variations may ht 
made of any Determined Afe^J^r oi Letters i Or any other 
things expofed to be Varied. ^ 

The Method of finding out the Namber 6f Changes, is fy m 
tontinud Multiplication of all the Terms in a Series of Arith* 
metical Progreflionals ; wbofe Firft Term, and Common Diffe- 
rence is Unity or i. And the Loft Term the Number of Things 
fropofed to he Variedy viz. 1X2X3 X4X5X6X7> 8^- As wifl 
appear from what follows. 

i. If the things propofed to be varied are only Two, they ad» 
mic of a double Pepiony as to Order of Plaoe ; And ijo more. 

'^^^^i 2 : ? 1=2=1x2. ; 

2« And if Three t&iQgs are propofed to be varied^ they cday| 
'"'"'.■ bf 
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%e changed Six fevcral ways; As to their order of Place; hxA 
\tG more. 

Fpi beginning with i there will be -^ j * ^ * \ 

Nfxt beginning with 2 there will be J 2 i ? '. i 

Again, beginning with 3 and jit will be ^ | ! 2 ! i 
Which in all make 6 or 3 times 2, t?/z. i %2%^—6 
Sappofe Four Things arcPropofed to be varied j 
Then they wilf admit of 24 feveral Ch^ges, as to theu Ordoc 
iDf Different Places. ' 

For beginning the Order mdi i it will b«<^ J | 

Here is Six Different Changes. C! * 

And fojc th^ fame Reafon thcr^ will be 6 Diffeteat Changes 
irticn 2 begins the Order, iand as many when z and 4 begins the 
Order; which in all is 24=1X2X3X4- " And by this Method o{ 
Proceeding, it (nay be made evident, rh^t 5 Things admit of 120 
fevcral Variations or Changes; and 6 Thing of 7:30, 8^*. As ia 
this following 7abU* 



2 

2. 

3 
3 

4 
4 



3 

4 
2 

4 
2 

3 



■— — I I 11 I 11 I !■ I 

The different Cbavgtf^ of 



The Number 
of Things 
frofofed to 
be varied* 



I 
2 
3 
4 
5 
6 

:^ 
8 

P 
10 
Ji 



The manner bow 
their feveral 
Variations are 
Produced. 



iXi 
1X2 
2X3 
6X4 

2HX5 

I20X^ 

720X7 
5040X8 

40320XP 

:}6288oXiO 
3628860X11 
3P2.i68ooXx 



Variations every one. of 
the propojed Numbers r4* 
---- of. 



admit oj 



iri 

=2 

-6 



Tz720 / 
='5040 
^740 3 20 
=362680 
=3628800 

=35791 68oa 

:=?47pooi 60D, 



>A=l 



V^h 



Thcfe may be thus Continuied on to- any Aflighcd Nun^er. 
Suppofe to 24 the Number of Letters in .die Al]?habct, fvhicb 
will admit of 6204484617:5323943936(5000 l^eral Variations* 

From thefe Computations may J)e darted fevejral pretty, and in- 
deed very flraugc Qucfiions. • ' 

Examples. 

Six Gentlemen that were Travelling met together by Chanqe 
at a certain Inn upon the Read, where they were fo pkaled with 
their Hoft^and each other's Company, that in a Frolick tl»y made 
a Contraft to flay at that Place, fo long Sw' they, together with their 
Hofl, could fit every Day in a Different Order or Pdfition at Dtn^ 
, ner ; which by the foregoing Computations will be found near 14 
Year. For they being made 7 with their Hoft, %viU admit of 
5046 Different Pefhi9?is ',h\xt 5040 bdngDivided by 365^ th6 
NuM^r of the Days in one Year, will give 13 Years ana 29r 
D^ys A very pretty Frolidc indeed. •* 

1 have been told (That before tte great Fire of London j which 
^sppened Anno 666) there was 12 Bells in St. Ma^y I0 Bern 
Church in Cheapjide^ London. Suppofe it were Required to felj 
how many feveral Changes might have been Rung^epoo thcrfe 12 
Bells : and at a moderate Computation how long all tbofe Chan- 
ges would have been Ringing but once over. 

Firft, iX2X3X4X5X6X7X8X9XioXuXi2rr479ooiA5o thq 

Number of Changes. 

Then fuppofing there might be Rung 10 Changes in one MU 
nuie : viz. i2Xio=ai20 Strokes in a Minute, which is 2 
Strokes in a Second of Time : now according to that rate there 
muft be allowed 47900160 Minues to i?i^^tnem once over in 
all their Different C^^^^^i ; viz. 10) 479001600 (47900160. 

In one Year there is 365 Days, 5 Hours, and 49 Minutes^ j 
whkh being Deduced into minutes, is 525949. 

^ •" - \ ' / 

Then 525949J 479C0160 (91 Years ind 26 Days. 

So long would thofe 12 Bells have been continually Hinging 
without any Intermiffioh, before all their Different Changes 
could have been truely Rung but once over. *Tis flrange, and 
feems almoft incredible, that a few Things Ihould produce fuch 
Varieties. ■ ' ■ ■ ' - ' • :■ ''. - - 

Bu; 
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But that which feenis yet aioce ilrange and furprifing, yea, 
even impoffible to tbcfe who are not a little vers'd m tb^e poivcc 
(X Numbers J is, that if two Bells more had been Added to the 
aforcfaid 12 they would haVe advancd the Number oi Changes 
/and confcquently the Time^ beyond common })dief. For 14 
pells would require ^at the feme rate of Ringing a« before^ a* 
bout 16575 Years to Ring all their Difierent Changes but once 
over. 

And if it were polGble to Ring 24 Bells in Change s^ and at the 
fioiekate of 10 Changes in % minute^ which is 2 Strokes in one . 
Second ; i^ej would require more than 117000000000000000 
Tears to. JSiugiheta but once over in all their Different Changes • 
as may eafily be computed from the precedent Jhblr. 
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of piffpoitim SDtojntut i fmnmly called th €^loen Kttle« 

TiKoponhu Dhjun^y or the Coitetl Kple, is either DireSl 
^ or ReciprocaJy called Inverje. And diofe are both S;>«^/^ 
sod QomfdUnd. 

Sedt I. 

DiVtfff Proportion is, when of Four Numbers y the Firft bear* 
cth die fame A /ff/o or Proportion to the Second 5 As the Third 
doth to the Fourth. 

As in tbcfe 2 : 8 : : ^ : a4* 

Conrequendy, the g^reater the Second Term is, in relpefl to the 
Firft; the greater will the Fourth Tirmhty in refpeft to the 
Third. 

That is, as 8 the Second Term is 4 times greater than 2 the 
Firft Term: So is 24 the Fourth Term, 4 times gjreater than 6 . 
the Third Term. / 

Whence it follows, that if Four Members are in DireSl Pf^. 
portiwy ihitProdiiSlcSxhtTvioEKtreams will always be Equal 
to the ProduSi of the Two Meansy as well in DisjunSl as iri 
combued Profortim i aipcordii^ to Lemm& 2. fage jj. ' '\ 

* ^- ' 

For As 2: i^X 4- -65 6X4- Qr As 3 : :iX5 --a^ X5- 
But 2X6X4^2X4X6. Or 3X6X5=3X5X6- 

That is, the PfoduH of the JExtr^ams is equ^jj to that of the 



AS% 



U ~5S5m5ici! Part I. 

l^ \i ( I. I ■ ' . ■ j 

Aeain, thcLpfi die {eoond Term is, iniefpea to thc.Firft;. 

the Lcfi tvill the Fourfli 2Ww be in relpeft to the Third, i 

As in thefe 18-: 6 : : 12 -1- 4. 

•That is, 18 : l5 "T 3 ''* • ^^ ^ M -r 5, 
Puti8Xi2-f 5=18 -i^ 3X12. Wx. 18X4-^X1?: 
Confequently 2 . 8 .Mf. 6 • 24. And 18 • 6 • 12 • 4 • arc tru^ 
Profortionals, fer Cor^. 2. /^i^^ 77* 

From thefe Gn^derations, comes the Invention of findilig 3 
Fourth Futnher in Proporf ion to any Three given Nionbers. 
Whence i\\ called the S^le of Three. 

For if the Second Number MuHiplieJ h\to the Third, be equal 
to tlie Firft Multiplied into the Fourth, it is ea(y to conceive, 
that if the ProduS of the Second and Third be Divided fay the 
Firft, the Quotief^t muft needs be the Fourth Nuofher. For if 
that Number J which Divides another, be Multiplied: into the 
Quotient produced by that Dhifion ; their ProduSt will be Equa^ 
to the Number Divided. Sec fage 21. 

A» in thefe 2:8 : .* 6 : 24. Here 8X6=48=24X2» 
Butjf 24X2=48. then wiU 48-r 2^:24. Or 48-7-24=2.' 

Note^ Any Four Nuiqbers yi Dir0El PropfirtU^^ may be v^^ 
riedfcveral ways. Asii^jhefe. ' .^ 

Viz. If 2:g :: 6 : 24* . ITien 2 : 6 2:^24; 

And 6 ; 24 : : 2 : 9. Or 24 : 6 : : 8 : 2* 6^. 

Ti&^ Vprjations leingweU underftoodj v)iU he no fmall ufe 
in tfie ftating of any Q^fiion in tbi$ Rufc of Three* 

When Three Numbers are^ given, and it is req;uired to find a 
Fourth Proportional^, the greateft Difficulty (if there be any^ 
will bp in the Right ftating thfe Quefiion^ or AbftraEling the 
Numbers out of the Wor4s,in H^tGiueJihn^ and placing them 
down in their proper Order. 

* Now this will be very eafy, if it be truly confidercd, that al- 
ways Two of the ThriBc 'giycn terms, are only flippdfed, and 
affigncd rov Kmit the Rdii'o or Proportion. The Third moves the 
(Inejfion ; And the Fourth gives the Jnfwer. " 

A^ for Inftanccj If 3 Yards of Cloth coft 9 Shillings : What 
will 6 y/rr//i. coft at 'thS fame' iP/if^ or Pro^orf 10^/' 

Here 5 Yards, and p ShilUngiy are Two (uppofed Numbers. 
that imply the Rate; as kppears by the Word [if] vix. If 5 
KWj coft 9 Shillings Ahen comes the Queftion) What wilf 

iK^f^^-COft? ^' :;^ r "^ ' '• ' • ^' iV. £• 
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N.B. The Term which moves the Quefiion hdxYk generally 
fome of thofe Woids before it 3 viz. |2IBl|at tttll f !^Oto IMIIP S 

$o1p long i fBotei Ut \ or !^0Ui mttc!) i 8cc. 

Then (^carefully obfervc this ; vi:^.) The Firft Ttfrm in the 
Suppofition muft ahvays be of the fame kind and DenominatidTi 
with that Term which moves the Queftion. And the Jfirw fought 
will always be of the fame kind and Denomination with thjp 
Second Term ia the Suppoficion. 

Thus ^-y* •^''- J'^^ •^'''- ^ \ 

All Quefthns in 2)ir^^ Proportion may be Anftotred bf 
Three feveral Theorems. 

^Multiply the Second and Third Terms together y 
Theorem w and Divide their ProduEl hy the Firft Term i 
2. theCluotientwillhetbe Anfwer required* 
yds JhiL yds JhiK 
Thus 3 : p : : d : 18. TheAnTwer. 
6 
' fbecaufe the Second 

3> 54 (li ShillingSy \ Term was Shillings. 

^Divide the Second Term ly the Firft ^ then W- 
Thcorcm 2.^ rtp/j the Quotient into the Third Term; and 
^ their Produ£l will le the Anfwer rehired 

yds JhiL yds Jhil, 
3 : 9 : : 6 : 18. 
Thus 3; 9 (zz^. Then 3X6=;^ as before. 

^Divide the Third Tt^rmty the Firft ^ thenMuU 
Theorem 3.3 tiply the Quotient into the Second Term^ and 
2 their ProduS ijoill ie the Anfwer. 

yds Jhil. yds JhiL 
2 : 9 : : 6 : 18. 
Thus ) 6 C=2. And 9%i^=,iS, as before. 

Here you fee that all tik Thrc^ Theorems are Eoually true; 
but the FirA is moA General, and ufually praSifed. But the 
Twn lafi may be readily performed when eidier the Second or 
Third Term can be Divided by the Firft ; And will be found off 
fingdar Ufe in the Hiiles if FeUovJhipf &c, as will appear fur* 
thtc oni 

Qneft. 
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Quefi. 2. If 8 Pooiids of Tohacco coft 14 SbilUvgs; What will 
Julf a handled Weight (viz. 56 Pounds) coft ac die fiune Rate ? 
Thus 8 lb : 141. 2 : 56 lb : 4/. ; 18 s. The Anfmer. 
H 

224 
56 



8^ 784 ("=981.^4/. 18 J. 
8;57r^7. ~ 



Or dius 8; 57 (^7. Then 14X7— J)8 *• » brfbre. 



9^?^. 3 If 14 Sbillim win buy 8 Pounds of Toiacco ; HoW 
much will 4/. 18 s buy ^cer the fame RattT? 

Stated thus, : 8 lb : : 4/. i8i==p8i : — — 
Then p8x8:=i784. And 14J 784 (56 lb The Anfwer. 

Queft. 4. If half a hundred Weight of Tohacco be worth 4 /• 
18 5. How much may I buy for 14 Sbillifrgs at that Rate ? 

Stated thus, 4/. 18 J-rrpS*. : 56 lb : : I4_J- : 

Then 56X14=784. And 98) 784 (8 lb The Anfwer. 

Que ft. 5. Suppofe 4 /. 18 /• will buy 56 Pounds of Tobacco ' 
What will 8 Pounds of the fame Tobacco coil ? 

Thi* Suefthn is thusJStatcd, 56 lb ; 4 /, 18 s—gl&s : : 8 lb : — 
Theo^X8:=784. And 56) 784 (=714 s. The Anfwer. 

Note^ The Three lafl Queftioni are only the Second varied, be^ 
ing propofed purely to give and Inilance how any Queftion in this 
Rule of Three may be varied, according to fage 86. 

Queft. 6 What will three quarters of a Yard of Velvet coft, 
ivhen the Price of 21 KWi smd a half is worth 22 h 10 s- 6 d. 
This QueftUm truly Stated will ftand 

Thus, 2i\yds : 22/. 10 j. 6^- : : :} To the Anftver. 
Which may be found three leveral ways; viz. by Reduclion $ 
by Vulgar FraSlions ; and by Decimals. 

1 . By Red^aion. Bring the Pirft and Third J^rms into ond 
Denomination ; 1^/2. into Qj^^^r^, and Reduce the Second T^r ^ 
into its leaft Denomination^ fet SeSl. ^fage 42- 

T\iXa2V^^%6 Quarters. And 22/. 10 i. 6rf.z=:54o6 /*^w^. 
Then 86 3 5406 : : ? ; 15 J. 8f;</. For 54015x5=16218 

And 



Cha[*. 



ti i» 



ot i^opti?rt0tf, kc. ... i^p 



id* s-TT iuiir$kHi^s ^ tbe i«<ir/W required. 

Then '%\%x^.'i:h And^i) s^'i (=rijfoV<«^yy.y<^. 

Thefe ^JJ^.PaSrt? of a Found axe brought iiita ^hillhj^ by 
fitvUiplying the NumerMCt wi|b 2fo^ and Dmdi?!^ the FfcifuSl 
Vf b$ Denominator f &c. 

l^tiiJ^totfKso^^odi:^^ And 6B8c) loStao* (r^^/; 
AitJ OTcr6 KimaiHs 4^2*0. Again 4?20XI 2 :=:5pP40.' ' ^ 
Th^rt 6880) ^^^040 (8V. and ^, gr*. ^ tcforfe. ^ 

^i Tht fat^ #roD^ by Decfjhal Ptdmonf will be tHo^ ; 
2if=2i,5 22/. 10^. 6rfl±r22,525 anrfj-:ro,75 
ThttcloiWf 2f ,< : iSj^iS : .- 0,/5 : to thfe Anjkier. 
Tta» 2M^W75^^*i89375 ^ 

And 21,5; i6^?375 (07857 '•=15^- S^. 2^1^^-; 

. Q«^</?. 7* If « C- ? ^^ 2*K.-0f jSkf^ ccft-dfc li^/; 
WAaic Witt 12 C.-^ ^A ^ft at the fame Rate ? , 
TUttis, 2<7. 3 jr^« 21 lb: 6/; i j;8^;:: 12 C. 2 {^.To what? 



Ii<p5« 121^. 'yoqri. 

28 X2 28 

88' ^56 x$oolb; 

22 i2i 

Wi-3o8+'a«=^P&:i4fci/. :i 1460 lb: ■■ 

Then i46oxi4OO»2Q4AO0O. And 329) 2044000 (^212^*^ 

The fitflie ClUefiBpt tetcd m Decimals will ftand 

Thus 2,9375 : 6,0833 • = ^2^5 • To the >r«/%f»fr. . . 

Then 6,o»53Xi2,5»7<J,04l25 which bei^g Divided by 
2,9375 will give 25,8863, Sci the -^«/to^ in D^fdmals, which 
wwriic into Of*, will be 25 ?. t7^- * f^' acPh^ie. 

Note, W hen tbe Firft Term is ad Unit err i, f^/Qucfliod 
ii Ai^vered ^MokipIicatiQnr onl^. 

Example. Suppofe I give 5 S/SJlhgi 4 >^«ri? for one G^fif 
of S*/t^r, Wliit nuiftil pa;^ fi» 52^ 0««r-^J at the feme Rate ? 

That is I Ounce : 5 j. 4^/. : : 32 i Ounces : To, f^c. 
Which is beft Stated thus i : 6±d, ; : 32,5 : _ 

N The^ 
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Thjen 32,5X64^26804.1=8/. 15/. 4^ the Aafwer xcqfUxcL 
For 1 neither Multiplies nor Ditides. 

When the Second or Third Term is an Unit or i, then die 
^UefthH is Anftvered by Divifion only. As in chb Example. 

If a S/b^ TkxribifM^weighing 21 Owuety ceft )( ip,f. Wbac^! 

• Thus 21 oz. : 5/. ijr J.— iitp jr. : : i t 5 5. 8^» To the Anfwen 

Thai:is2i^ 119 {—55. Jt— 5* 8^. 

The Proof of all dueftions in the iPK& ^ Three LireBj may 
be ealUy conceiv*d from what hath been already &id ^ vhu 
That the ProduSl df the Pirfi and Fourth Termsy muft always be 
Equal to the ProduEl of the Second and Third Terms. 

Or otherwife^.by varying the Queftiom^ as in the $econd| 
Third, Fourth, aqd Fifth Q«^y?w«:^. 

1 Ihall conclude this SeQion with iitferting a few Qjueftiont 
and their Avfwers i leaving their Work iat the Learner s Vts£da^ 

Quefi. I. What will the Carriage of 17 C. 3 jr^. 1 1 flj. oome 
IfC^ ^)di^ )El#€ of 7j.^thcJi&r»/r^3^j^ 

A;ifmer6L 4^. 1x4^. 

$«i//. 2. If* 6/. 4 i. II i<j/. be paid for the CW//7jf^ of 17 C* 
3 l^ri. II lb 3 What was paid for xht Carriage of i lb ? 

Anfwer ^ Fanbings. 

due ft. 3. A Crbt^r bought 3 C. i jr. 14 lb Weight of Clovesi 
at the Rate of 2^. ^d. fer Pound^ and fold them for 52/* 14 J* 
Whether did he gain or lofe by the Bairgiuny and hov;^ mucbJ^ 
- Anfwetf he ^^(^BL 12 s* 

duefl. 4. A brdpet bought d£ z Merchant Eight Packs of 
C/af>5> • every Pack had Four Parcds in it j And each Pared 
tontaincd Ten Pieces ; Every Piece was Twenty*fijc Kir^j ; He 
gave after the Raic'of Four Pounds fixtcen SbiUirtgs for 6 Yards* 
What came the. Eigjit Packs to, and what was it worth per 
tardP ^ ^ 

Anfii). They came to 66%6 h And is worth 16 j. fer Yard 

duefl. 5. A Merchant bought 456 Yards of Broad Cloth fot 
8 J. 6d. fer Yard', And fold it again for 10 j. ±d. per Yard. 
What ^d he gain hf the 436 Tards .^ 

^^/m he gained 39 /. ip y. 4 rf: 
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Ciueft. 6. A Goldfmitb bought a Wedge oiGotdy which naeigj^i 
jL.^ib. 3^z. 8/»TO. fbr5i.4/. 4^ Wlutdid^c |jay/»^r(!&W^^^ 
' ,' ^^w. i^hpfit Ounce. , . 

^fi^yf. 7, What will 48 02. 17 fnx\ 20 Grains of Silver Vlzto^. 
'eomc to, at th? Ra^ of 5 /• 6 d. fer Ounce >' 
j . yinfvKi^l^js. io\,ct. 

Qttefi. 8. If ia Fair »t^*i one fpcnd I a j. 4 ^. How long will 
S?l. 6j. laft at that Rate ? ., » .^ 

^ Anftv. 6 Yearly 47 Z)^y^, 2 H«»ri, 24. 

Queft.fi^ Wliat wiH the one eighth Part of a $i^//^be worth,^ 
iKhentbehalfis valued at f 915?. 10^./ . ., 

Anfw, 2 j^ I. 17 si 6 d. . 
, (Ivejt. |0. The ^hcv is fii4 ^ perform one entire Re volutioiij 
(or 360 Degrees) in the Space of 265 Days, % Hours,' 48 Minutes^ 
«id 57 Seconds of iTime, called a Jl-op^^/ or Solar Year; Hfew 
iuch dodi it Move in one Ds^y ? ' # ,. ,,, ". ^ 

<Z»^A II. If { of zYiirioi Velvet colli dfa /»ij»W Stetlvi^ 
What will ,J^ of a Hzraf coft of tht ^meVthetzt that Rate? ^ 
' • /Anfw.yii^'i s. ^d. 

$«^i|. 12 Suppqrc 2/. ani -f of f of z Pound SierU>tg will 
koy 3 Kir^/;f and \ of f of a K^^i of Cktb, How much will J of 
afarflfcoftat thatRttc? . 

' " * • Anfw. \lll of a Pounds=:p^ 41^/. 



Sea. a. CyF»!eti|irb»l P;<q»?tio»; ufuallj calted 
^ The Rule, q^ 1 hree Inveife, . 

Keciffocat Pfofortiou is, when (rf Vpi^ Number x the Third 
fvtt. that whidi movt^^tQi^ftion) bcareth the lame Ratio ta 
Ac Firft : As the Second does to the Foutth. 

Therefore, the Lds the Third Tl'^ w, in refpea to the Firft;; 
Ac Gre^r will the Box^Term be, in rcfpeftto the S^cond^ 

Example i.^ 

V Sittemykn cm do aPieceof Work in SlxDaysj Ht)f^r? 
many Days rdui^ Eight Mca icquire; to dp the fame Work, at the 
&me Rate of \Vorking ? ^ ^ 

(icrc "ds phih that Ei^ht Men muft needs have more> 
%c tbap 16. Nfcix to do *e fame Work. QDnfcqueatly the, 

•'''"' M 2 ' §teateg. 
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NQte^ Any Queftion that falls under this Inverfe Rule or \ 
itetifracal Prpj^crth^y may be (b Stated as to have its Ttrrms ix% j 
^reSl Proportion ; by 6nly chang^ig the Pbcescf^tbe firft and | 
tbir4 T^rms in the Queftiom, Thus, 

r QuejjtiomC. If a Field will feed Ei^teen Horfes for Sevea ! 
weeks. How long will it feed Forty Two Horfes at the lame i 
^lAtf of Feeding? 

Firft, i8 Horfes : 7 Weeks :.: .12 Horfes 3 jWe^kS).. 

Here the Virms are. Stated /^ttem/jr^ as befbr^^ 

Othfrwife thu% 42 QorfoB ; 7 W«Sp • • i8 Horfes : ^ Weekr^ 

.quicf4 ^ -'■- ■*- ■ 

Ti l ' I | i I ' ■ ! Mt i i' ll _ i» ■ I 11 1 n il II , . , nn ' ill I I I I I '• r ' ^ ^ 

The Double Rule of Three. 

Compound Propertioff. (as *tts here meaat> is^^ ix4ien dtc? e aro^ 
Five Numbers given to find QPt a Sixdi Ifrcq^rti^l ; and this. . 
ii$ generally performed by a B&ui^le P option ; that is^ fa| Stating^ 
•wd Working the Qucftion at Tv90 Operaiipns^ cither m. Dire^ 
or Reciprocal Pj|o/^drf/o«, according as theQueflion requires. 

And iberef<^e ifs culledj The Golden Rule ; «r Double 
Ruleof Three. 

The Dmible Rule Dired i^ when ^ Sixth. 7h^ or Nmnbem^ 
fought^ i« i^und. by Two Operations^ bodi off them in DireSt 
Prop&rtion^ 

Example i- IF a Hundred Poi:rnds gain Six Founds Intereft. 
\k iTwelve Monthly How muqh will Three Hundred, Vpunds gain 
in Nine Months^ at the fame Rate .^ 

Eiriltoo/. 1 61. :: 500/. ; 18A 

6 © 

j;oo)T8oo (la/. ^l^ryv'^Kf ^3^ ^^' 

^ < ^ ^' : . 1 for Twelve. Months. 
Months, Months 
Then, 12 ; 18?; :: 9 ; 15/. lOf 



12) 162 (13/. 10 J. Tbe ^«/w/r requirc(t^ 

I iuppoft the Letoier will ^aniytgonoeivetheReafon^f thde 
T«vo Opernthfis* For, Firft it's plain by Dircfi Proportion^ thac 
it ioo7. giiin 6/. in Twelve Months, 500 /• will. g?ip 1$/. in 
t^wrfiupeTyne^ and at; the fame Rat^/ 
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' I . I I I i |^ I II • 

And by thefame Xndn 'tis plain^ that if 12 Months iviQ prq^ 
duce or give 18/. Intereft fox rjoo/. thai p Months mofl needis 
give 13 1 for the fame foflv^ viz. ^do/* 

The 2)d«^/^ A«& of Three Inverfe is, when thib Sitth Jlrar 
or Number fought is found at Two Operations (as before.) JBuc 
t)iie of them Require an AiiTwer in Recifrocd Profortwti ,, ; 

(iueftiffii 2. If 6 Buihels of Oats will fetve 4 Hories SDays^ 
How many Days will 21 Buihels ferve i^Homs, at the fame 
Sate of Feefling ? 

This (iueftion being partfd into Two Pefitions^ tht Fixfi will 
bethps: 

If 6 Bufhels of Oats will ferve 4 Horfes 8 Day^, How many 
Diys will 21 Buihels ferve them? 

Here 'tis plain, that 21 Bufhels will fervelfiem Longer thU 5 
Bdheb ^ therefore the Firfi Pofition falls in Dire0,Pr^fortiom^ . 

Thus, 6 




6) 168 (28 Days 



f*iif fjp, //* 6 Bujbels ^Hlferpe 4 Bbr/ifi 8 4)/^;^^, 21 jBj/lr/i 
^m ferve them 2% Days. • ' ' 

The next FoRtibn mufl be to &id how Long tbi^ faid 2X BufheU 
will ferve 16 Horfes at the fame Rate of Feeding : Tis plain, 
ttat 2t &ifiieis ofcnnot ferve t6 Hoifes fo m;iny D^ys as they wiU 
ferve 4 Horfes ; therefore this fecond Pojith/i taUs in Hedfr^ 
Profortibn. 

Horfes thy Horfes Dajs 

Thus, 4 : 28 : ; 16 : 7 the ^^/io^^* Requkei 

After the like manner irij Quezon in the DoUlte Rule nf 
Three may be Anfwcrci by two finglc Pofitiojfs, if Care be taken 
in Stating them Right, viz. Whether their d/^tff/W muft tc^ 
performed by the Uhgle Rule Di^e£iy or Invsrpr, 

But all Queilions in this Dt^He Rule, vihete Five Numbers 
are propofed to find a Sixth, may more eaf3y and readily be 
Anfwered by 6ne General Theorem ; which comprifetb both the 
DireSi and Interfe Rules yviithoox. confidering either of them 
being Deduced from the fingle Operations before-going. 

But firfl you muft careMly Note, Tha^ in all Quejlions of 
this Nature^ Three of the Five pfopofed Terms are always 

Conditional 






Co^idicianal and Sufpo(ed ; And ibsEC the othetTWo mdvt cbe 
QuUUon. As foe Intance in BxnmfU u 

Viz. If loo/. wiil gain */• in 12 Mottrfts: THcfc Thuwf 
Term^ arc only .Suppoted or Conditional. Then cJomts the 
t^ueftion ; What will rjoo/. gitinm ^ Months ? NoW, in ordcf 
%o laife die Genial Theorems^ let us fuppofe, iiitead of NUmher$^ 
thefe Letters. 

5P=:i00i The PrimifaU O C la the Siippofeion 
f=s 1 2. The fime. > < of any projwfed 

tfi= 6. The G^/«. J C Queftion. 

cp-yyo. Tl» Prhapai. J cThcThree T^mi 
And, < t= 9. The Time. V^ wherein the Quc^^ 

i ^=15,5 The Gaift. ' J Cf^on Ha. 

^•« P . r . • ^ c/»_ f The Prodn!^ of the Two Afr/wi Z>i 
Then/'.-G.:/:^--.^ z^irf^i by th« firft £A/nf4W. 

Ttet fa, 100 : ^ : : 500 : 300 X 6 J K Which is the 

, 3=:i8.WFirftPattofthe 

loo J cQueflion. 

*n.pn T-^'^..^.- 7^ Which is the 

Then T:^::f:g Osecond Part of 

yiz. 12 : 18 :: 9 : 13,5 WtheQueftion. 

• frr^r^ ^\S That is, the Pro AS of the JSxirems is 
f^iP^i^pfX Equal to that of the Afr/i;^i, 

Confequently^IifPssGff. Is the ri^ror^w. 

Hiis tbeorem affords Two iP«7r j, by which all Queftions in 
this Dwihle Rule t>f Threes or rather of Five Numbers, may hi 
Refolved ; due Re^fd -being had to the true placing dovrn 01 th^ 
propofed Terms y wmch muft be thus •• 

, Always place the three Conditional Terms in this Order ; Let 
that tJumber which is the principal 'Caufe of Gain, tofs, or 
^Sljon, &c. (ifiz. P.) be put in the Firft Place j That Nmher 
which denotes the Space of Time, or Diftance of Place, &i. 
0)ix: TJ be put in the fecond Place. And that Number which 
IS' the Cain, Lefs, or ASiien, &c. (viz. G.) be put in Third 
Place. Now according to thefc Direftions, the Conditional Terms 
of the laft Quefliou will fland dius ; P^T.Q. 

That done, place the other Two 'Rrms which OKwe the Que* 
ftion, underneath thofe of the fame Name^ 

Tku.. (^-.f/C- 

Thea 
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• Tlien if Che Elaak otJTem foiighr, iatt under die tliudPface^' 
as m dus Qdeflion^ 

Itwillbc J-£^-e^l Which ^vc«dusi&7^; 

C Mu\dip\y the xUeelaJlTem^f cgftSerfi>r a DM^^^ 
Rnk <.<dcnd; andtbetvro firft together /or a D'lyiCoti tfys 
tQ(fi(y6£X}Xariftng from them w^^ 

Thus 6X300X9=16200 the Dividend. 
And 100X12=1^00 tht D/vifor., . 
Then 1200) 16260 (i?| thtAnfwerj asbeforiB, 

Bit if die BJoftM os Ti^rw fou^ fall undec die F&ft Ph^ 
dien 

Or^i^ die Blank &H under die Second Place, 

It iria te J -^^=f. Ei&eif of dicfe give dusie^^^ 

r» Multiply f ^^ Pirfiy Second andLafi Terins fd^h^ 
jj^i^ j/>r 4 Dividend: And the other two together for 4fi 
^ 2*'S Diyifor . the Qaodcnt atifm^ from them will U ttit 
C Sixth Tetixu 

And becauie our Example 2. &lls unddr the OxMetas^ 
both of Dire& aod Recifrocd Profortuin^ let it be here propos'cl 
again. 

Viz. If 6 fiulhels oF Oats will ierV^ 4 Hbdes^ffDays;" How 
many Days will 21 Bulhels ferve 16 Horfes^ fSc. 

If the Jkrms of thiis QiieJHon be placed' dbwn as before dixeQi 
cd diey will fland' 

cHorfes Days Bujhels . . , . . . .- ; 

Thus ^4.8.6 Tert^ixk±^^ffopti(^i 
I t6 21 

Hdre«thle Alnni falb undier di^ fcsbond'f /4r^y dietefdt^' it mu0f 
k found^ by the Second i&»/^. 

Thos 4X8X2x^672 the Dividend. 
Aaid 16x6=3;^ thc/)iv7/bn > . 

Thm 96)' 672 (7 the An^et^ as Sfefofe. 

6- ««/t 
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Queft. 5. ^Nhax Principal Or Stock will Q^n 20/. in 8 MMfbs. 
at 6 fer tent, fer Annum, P 

Prin, Time Cam , 

100 V 12 . 6 Ti^rmsinthcSuppofifion. 
.8-20 
In this duefiion the Bl*ik falls tinder the feft Phce^ flie^cfore 
it muff Be found "ty the Second Ride. 

Thus iooXi^X20zr24000 the Dividend. 
And 8x6t=:48 t}ieZ3fr//£f. 

Then 48) 24006 (500/. the -rf/5/wr required. 

The Proof of all Quefiions in this Double Rule of Five JVufih 
^hfrsy is teft pcrform'd by varying the Quefiion ; viz. by dotting 
it in another Order, as in the laft Example : Thus, 

If 100/. Gain 61. in i2Montbs9 what will 500/. GenttinB 
Months .^ 

The Anpvoer to this Queftion mufl be 20/. if the Work of the 
lafl Example be True. 

Pfin. Time Cain 

Stated thus -f^^ ; ^^ • ^j. then /r^ Rule I." 

500X8x6—24000. Arid I00Xia=ai200. 

TThen 1200) 24000 (20 J. th6^«/te^, &c. 

Quefi. 4. If Two Men can do 12 Rods of Ditching in j6 Day^, 
How mmjjf Rods may be done by 8 Men ii) .24 Days^ at the fwDfi 
Rate of working ? 

Anfm. IpiRods. 

Q«^^ 5. If the Cafriage of 5 C. 9 jrj. Weigjhty 150 Riilesi 
coft ^Ljs. 4^. What mtift b^ paid for the Carriage of 7 C. 2 jT* 
2^ lb Weighty 64 Mile s^ At the lame Rate .? 

-^z^/w. i /. 18 s. jid. 

Queft. 6: i( 8 Men defervc 2/. Wago for 5 Days Work, Htm 
much will 32 Men defervc for 24 Days, at die lame Rate ? 

Anfw, 38/. Bs. 

Quefi.^^, t^sp^^ a Hundred PouHds >*oold de&ayijie Ex- 
fences of Five Men for Twenty-two Wefcl^ an^ Six Days, Htm 
/o;/^ would Twelve Men be fpcnding of one Hundred zxiA Fifty 
Pomdsy al the fame R^te ? 

An^w, 14 Weeks and 2 Diiyft^ 

CHAP. 
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. ' ^ '^ - - 

c H A p. ym. 

Of Trading in Company, ufu^fy caHtd the itttle of ifeftCto^ 

l|ip ; tf(/u liBanenng, and ®i:4^ngmg 0/ Omx, &o. 

TH E R^lU of Fettau^f fa that by which the Accompts of 
feveral Partners Trading in a Company, SM^e fo acyuil^d or 
made up, that every Partner may have his juft Part of the Gain^ 
or fuftun his juft Part of ibe %ofs ; aocedlihg to his Proportion or 
Share of Mopqr he hath in the Jpint-Stock : Now ibis falls undejr 
Two Coiifideiations, caBed the Sw^ff* and Houhle ftules of 
Feil<mfl>if. 

Sea, I. Tbe J&inale Kail of ifellotDll^tji j viz. that 

v)iihout Time. 

By the Single Rule of Fethwjhip is adjuficd the Accompts of 
thofe Partners that put all their feveral and perhaps different 
Suois of Money, into a common Stock at one aii^ the fame 
Time ; and therefore it*s ofually called the Rule of Fellowjhip 
without Time : Now all Quejiions of this Nature are Anrwered 
by fo many leveral 0/^ri«//i?e?j in the Rule of Three Dixta, s^ 
there arc Partners in tne Stock, - ^ 

For ; As ibe Total Sumof Money in the Stock h in Proportion 
to the whole Qain^ oir £o/V ; S^ is every Man's particular Pari of 
that Stock ; To his particular Share of that Gain, or Lofs. 

(luefi. I. There asc Three Partners, Suppofe\/<, JB, and C, 
ioake a Joiqt-Stock of 96 1, in this manner. 

A J puts in 24/. JS, puts in 32 /. and C, puts in 40 /. with 
thisp6/. they Trade and Gain 12/, ^is required to find each. 
Mao's true Part of that <5ain. • ' 

The firft Operation for ^'s Part of the Gain will ftand 
Thus 96I : 12I li 24// : ^l=A's Part of the Gain. 

Secondly p6/ : 12/ : : 52/ : 4/=?JS*s Part of the Gain. 
Again 96/ : 12/ : : 40/ : ^/izrC's Part of the Gain. 
Proof 3 /-f-4 /-|-5 /z=i 2 / tne whole Gain. 

That isj if the Sum of each Mans particutar Gain, Amount 
io the vibole Gain, the Work is true ; // nOt, fome Error is 
committed which muft he found out. ' 

Note, Thcfe Operations will be very much abbreviated, if 
you work them by Theorem 2. Page 87." For here 96 is a com- 
mon Antecedent, and-i2 is the common Confequent in all the 
Tl^rec Proportions. 

O 2 - There- 
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Therefore 96 : 12 : : i : 0,125 is a common M»/r/jp/i^/if^. 
.Then 24X0,1253=3/. for >fsPaif7 - • 

Aii^ -32X0,125=4 /. for JBTs Part > As before; 
Again 40X0,'! 25= 5'/. fotC*sPart3 - ' 

*•■ .-.>'.» ' * • 

Now thb Metho4 is more readily performed than the odier, 
erpeciid]y when the Pothers are iHany } becaufe one Sthgle Di^ 
>piAMrfcrve^ for «B the Work. V * 

Qsr^y?. 2. Three MerchantSy A^ JS, and C, Freight a Ship 
mth 248 'ptn x£Wine .-Thus, A Loaded 98 7fMi» jB 86 7fr;r, 
und O 6:^ Tun. By Extremity of Weather the Seamen were 
forced to caft or throw 93 'Din of it over-board ^fJaw mucfi ^ 
this Lofimuft each ^err^iurtfuflain? -^ 

Firft 248 : 93 : : I ; 0,375 the common MulfifHer. 
Then p8Xo,375=:36,75 for -^'s Ldfi. ^ - -' ' . ' 
And 86Xo>375=:32,25 for JBsLofi. 
Again 64X0,375=24, forC'sLofe. 

Proof • '93,oO!5:lhc whole Lo^. .. 

Now if the Queftion were to 6nd btno much of the Remaining 
yVinethat'waslavea, bdonjgsto'>f, t68,andtoC; ' ' ' ^ '* ? 

Then ?8— 36,75=61,25 belongs to jf- 

And §6—3 2,25 =5 3,75 belongs to B. 

Arid 04^24, =40,^^ bdongstoC. 

That is, A ought to have 61 Tun and 63 Gallons. B ought 
to have 53 Tun and 189 Gallons. And C ought to have 40 Tm^ 
bf what was Left. ' ' - ^ .:' . 

Quefi 3. Suppofe fix Men, viz. Ay By C, D, JB, ^ R make 

^ Joint-Stock of 2558"/. ■ . . ' v r ^ . .; 

/, 5. Decimals. 
'^ puts in 654 • 10=654,5 
\5^"^ 5^3 . 15 = 5^3,75 

Tbus<^ 480- 00:^480, 

V /£ 2^4 . 10=254,5 

V.f--^ 365.05=365,25 

V F— — . 260 ♦ 00 = 260, ; 



?Tie whole Stock 2558 • 00= ^558,00 according toiiiteiuefihn. 

. jiVitb 
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Widithis S^of 25582^ they Trade Eighteen /ifo«/i&i, and 
Gain 8^x I js. Tis required to find evexy^ Man's Part or Share . 
ofthatQtin. 

Note, Altbo" the TimeA>f Vr^ingy viz. Eighteen Months, it 
mentioned in the Queition, yet its no way concerned in anfwer^ 
ingofit^ as you way ohferve in the following fTork. 

FixRj 2558/. : 831,35/. ;: i/. : 0,^2^ Decimal Parts, 
Confequwtly, il : 0,325 :: 654,5 • 212,7125. That is, 
^'s Stock 654,5 X0,325=r2f2,7J25 (otA, 

m Stock 543^75x0^25=176,71875 foi B. 

jC's Stodc 480, Xo,3 25=156/^00 for C. 
D's Stock 254,5 Xo,325= 82,7125 forZ). 
jp's Stock 365,25X0,325=118,70625 for F- 
F> Stock 260, Xo,325= 84,5 for F. 
h farts: I s. d. 
••yf Gains 212,7125 =212 . 14 . o} 
\«— ^ ^76f7i875=i76 • 14 • 04I; 
TUaf ;• J^ "^^ 156,0000 5=156 . 00 . 00 

,iliam, <^ 82,7x25 = 82 . 14 . Q? 

IB 118,70625^^:117 . 14 . 01? 

\ JS* — — 84,5 == 84 - 10 . 00 

froof. Sffm 631,35 =831 . 07 . 00 ' 

I have omitted refolving this Question accordir^ to die ufiial 
Method (as before dircS^) bf firtding every Man*s particiilar 
Part of the Gain by the Golden Rule^ as in the Firft Wofk qF 
Esunple i. Leavii^ that for the Learner's Pradice. 

6e& 1. Tthe j^onbte JtvXt of if eUoSoi^ii 5 or thu witb Time. 

This is ufually called the Douhle Rule of Fellowjhip, becaufc 
every particular Msin s Money is to be. conAJer'd with relation to 
)})e time of its Continuance in the Joint-Stock. . 

Queftlon i. -/f and J5 jdn in Partnerfliip upon thefe Terms, 
wx. A agrees to lay down tool, and to employ it in Trade ^ 
Months : Then JB is to Uy ^owh ^ bis 100 /. and with the whole 
Stock of 200 /. they arc to Trade 3 Months more. ' Now ar the 
End of that Time,' they find* their whole Gain to be 21 /. ^Tis 
required tb know what each Man's Part of the Gain ought to be, 
P^V^i to his Stock, and the (ime of employing it. 
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Hcce it is but reafonable to conclude^ that A ought to Gain J 
more than By notwitbftaiiding their &ocks of Money are Equal ; ] 
becauie A employ'd his Money a longer T'tmn than B. 

Now for Solving of i\i\%Quefihny Let us fuppb&^'s lOoT. 
emfrfoyed the firfl :; Monihs to Gatn'Zz=a Sura as yet uofcoown \ ^ 
then it muft Gain 2Z in 6 Months^ and to find what B muft - 
Gain, it will be, ij 

/. Monihs. 

But A% Gain added to £'s Gain muft z=:2i A the whole Gaiq| 
by the Queftion. 

Therefore 2 Z+i22^i^^2l/. 

' 100X6 

That is, 100 X 6 X 2Z -4- loox 3 X 2Z— 21 X xoo X 6. 

Which contrafied is, poo X 2^=21 X 600. 

Confequcndy, 2Z=; -^^^^ irfiich j^ves the following 

Analogy. 
Viz, 900 : 21 : t 600 : 2Z— 14^. for yi's Gain. 
And 900 : 2i : : 100 X =300 : 7 /. for B*s Gain. 

Now this way of Arguing hath not only Reiblved the prefent 
€iueftion ; but it alfo affords (and demmfiraU^) a General BLul^ 
for Refolving ^Qjufiicns of this Naure^ be the Partners n^vcr 
fo many. 

r Multiply every particular Mans Stock, with the Time 
\ if is evjfhyed , then it w0 A^, As the S»/v (f aS 
Rule. < ibofe ProduSis 3 Is to the whole Gain (or Lofs.) 
i So is every one ofthofe ProduSs ; To its frofartio^ 
V nal Pari of that whole Gain (or Lofs- J 

'«• 

Quefiion 2. Three Merchants A^ B, and C, enter into Partner- 
Ihip, thus 5 A puts iiKo the Stock 65/. for 8 Months; B puts in 
78 /. for 1 2 Months -5 and C purs in 84 /. for 6 Months* With 
thefc they Traffick, and Gain 166/. 12 s. Tis required to ftid 
each Man's Share of ^e Gain, Propoctionablc to his Stock aiKl 
Tipeofepployingin ' 
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r. A% Stock 65/. X 8 Months^ the time it was employed=sz^20 
%, B'i Stock 78 /• X '1 2 Months y the time it W4s employ adsssp:^6 
3. C's Stock 847- X 6 Months j^ the time it ivas emfloyetl—^o^ 

The Sam of tho&PrdduSfs isy 15760 

Then, according toxhtHuley the feveral Proportions will 
Indthus^ 

1 i960 : i66y6 :: 520 : 44,2 =44?. 4 J. o^. for if. 
I 1960 : 166,6 : :p36 . 79,56^=79/. 11 j. 2i^. for B. 
1^60 : x66,6 :: 504 : 42,84=42/. 16 s. 9\d, forC • 

I . The whole Gainssi 66/. 12 s* od. 

[ Or you may woik as in Ibme of the former Example Sy viz. by 
pbding the proportional Part of ihc Gain due to one Pound, Qc, 

\ Thus X960 : 166,6 : : 1 : opiS5 the common Multiplier. 

Then 520X0,085=44,2 forw^.^ 
I And 936XPJ085— 79,56 for£.C Qc. As before. 

Alfo 504X0,085—42,84 forC.i 

Queftion 2. Six Merchants, viz, A^ S, C, D, £f, and F, cntcff 
into Partnermipy and compole a Joint-Stock in this manner ^ 

/. 
^A puts id 64 
.B ■ ■ i 78 
^^ ^^ — too . 00^ fo^ ^^8i^ ^^^^^^ 

^^ "I - ■ ■ 74 
F 125 

They H^apck^ an4 Gain 258/. 185, 4l<// Tis required to 
find every Man's Share of the Gain, according to his Stock and 
tmt it was employed. ' ^ 

^ The fcveral Stock of Money, and their rc4>eaive Times be- 

aPirft brought into tecimaJSy And then Multiplied together 
pioduce thefe foHowing Prod:u£ls, 

/. Months. 

if s Stock 64,5 X4)5 *J&^ ^>^ ^^ '^^^ empioye(is=:290y2% 

Bz Stock 70,75X6, . the time Vf was employedz=^2i^ 

Cs Stock 100, X8,25 the time it was employed =zS2'yyO . 

D's Stock 80,5X12, • the jtin^e it was employedz=:966yO 

.,£^3 Stock 74,6 X9>5 "^^^ ^^^^ i^ ^'^^ employed z:i7o8f7 

F» Stock 125,15X7, ^^^^ ^^'^^ ^ '^^^ employ^d =e80y2'y 

Irhe Sum of' thoft ProduSi^=s:^U2j7 
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104 dtritj^metfcft. FareX 

Then if yoo work by tlte common Wsqr ; it will be j 
4x42,7 t 2^8»9i875 •• s 290,25 : 18,140625 = 18 i 2f. j^^^ 
for vfs pettt of the Cain ; And 10 on for the left. 

But if you Work by Ac eafieft way, viz. by findii^ Ac pio^ , 

pordcnia] Part of the Gain due to one Poufid. \ 

Thus 4142,7 : 258,91875 : : 1 : 0,0625. j 

/• J. d. j 

Then 290,25X0^625=18,140625=18 . 2 . 9i for -^ | 
And 472,5 Xo/)625=29,53i25 =29 . 10 • 7* fof J5 1 
825, Xo,o625=5i,5625 =51 . il . ^ for C 
p66j XO,o625=: 60,575 =60 . 7 . 6 for Z) 
708,7 Xo,o625=aH4,29?75 =44 • 5 • ipf £o»^ ^ 
880,25x0^625=^55^15625 =55 * Q - 3y for F 

Thewfao}eGdn=B258 . 18 . 4^ 

TheTe few Examples being well underflood, are fuflSciAt tX> 
Ihew die whole Bufinefi of FdIowfbip>, &. 



Seft. 3. Of IBarteriits. 

When MerchantSj or Tradefmeny Exchange one Commodit[^ 
for another, it*s called Barteting ; smd .the only Difficulty in ttio^ 
way of Dealing, Ues in the due proportioning the Commodities to 
be Exchanged ; So, as that neither Party .fuflain Lo&. 

Quejiion i. Two MerebantSy A, and JB, Baiter \ A would 
Exchange <; C, 3^'^. i^foundoiPeff^y which is worth 3/. 10 *• 
jp^^« witn B tot Cottony vfot^ 10 d. per pound vmgjat^ How 
inuch Cotton muft B give to A for his Pepper J^ 

Note, /« cfri^r io the Refdlving of this Queftion (md all 
ofi&«'Queftions of ibis, Nature) you nrnft Ftrft findy hjtbe Rnlc 
of Three (or otberwife) the true Value of that Conanoditj wbofe 
€(uantitf is given ; (v)bich in this Queftion is Pepper.) And 
then find bow much of the other Commoditj wiU Amount tttbat 
Sumy at the Rate frdpofed. 

Then 1 : 3,5 : : 5,875 : 20,5625=20/. 11 x. jrfl lie fare 
iralue of the Pepper. 

. Next, it's eaiy to conceive, that A ought to have as much 
Cdtfon ac lo^. per Pound, ai will artourtc to 20iL n/. t^dl 
^hich may be thus found ; 

Kd.' : jlb ::*o/. ij/. 3rf.3e42$5rf, ; 493,5 &. 

- . , that 






th« i% f C. t fr. 17 1^ ;^/^;frf of Goittm. And fe madl jR muft 

Meffitm 2. Two MeHhmts A ^^S fim^lito ,^ i¥^liitth 
teKwt/ttf BroniCt&fB wof th 9s. td.fer IWar-rtt^ y M<ig^ ; 
kot in &rt^ he will have 11 j. ferjat^. ^^'hafll Shlffh^)i 
irotth a^. 1^, jp^ lirrf ready Money ; •'Ifis required to fiad how 

aKd[einCfaiQ inthe J9M^£qualtocbal:of 4*5, .:j; i 

Tht Methe»dof itfidving iMs, 2^3* tfti like Queffidnd, differs 
t tcde ftom «tfae' bA Cd^i for in tliis you muft Pirft find wh^t 
Advance j9 ob^t to fildte/^ KiriSf uooa his Si&^fbd^ri in plcq^ir 
tiontOffhaCiifhaAd^^opOnaFWof bisi*/9fiif. * I 

I^Ti. i' A s* i* s. d. d. tid. d. 
l^. tsiSllo t ii=i?2 : :2. 1—25 : 2. 6=30 
tlid Advtticed Prite ittt %. toy A of jB*3 Shallda». Thed {noceed 
asbefoicinthelail &cdmfle» 

This I KrflT : xx J. 2 : 6^ &r4& : P46 ^.=47 /. 6 ^. thfe AdJ 
♦anod Value of air the ^ii/^. 
Next, If 1^: 6d. wiD fcujj oacrnr/of S&iJ/oo*^ stt its AdJ 
^ "* ' " buy< 




mat IS, jB mult give yyis floras ql ws Sbdkiiti to ^ fiat 

ThefcTwO Bxmfies arc Sufficient to (hew the LMHiefi that thcf 
Medxxi d[Bdrferii^m^dS^iiBx\^^ foiGnnaddiiiei^ 

wh(% depends upon d cldar "Dnderfianding^ the Gohkn RUle i 
^^ liideedlsTo called ^^eca^^ oiix&VmWfd yfe. 



Gniabmi^ die tJoiai of on« OiiiMtiar fot tiiofibof^itnother if' 
^ die 1^te& cF BdrtmsifoiHmciiffiesi That is, it donfifis in 
lioding «fl)A Snm df anodKt£oK«tr^ Cois'-wiH be Equal in Value 
•" "My jw^cifed Suqi of •nOdjCT Cdiortr^ Ciiii. hoAy in owlet to 
(oformth*, it wiI14)e Tert Necel&ry to have a true Account ac 
* fim^oT *fc M Value # thofe foritigt tSobti wWsfc^aie 
fote f^ttjtni^^a? iSusitn^MgiKA iSi «dufe wldiQatCii^ 

t%, a ill TiflMS, tteatfli- *e #«»> of Bt^ianie <f the 
«kttbotis call it) diffiM almoft evciy Pfty fttwi £m«W «» 
*ttC«a^i, iaB*fe,itIUfe$a«dFan^ateordingM^««^ 
««eKy«rScaftei waccofdlngtotheTiaRalJoweflMsF^menc 



^i6ir^ 



^ntf^tnttUHt. 



Parti 



2 T^ofe thatde&eto be fully fatisSed in cbe CommooVa]^ of 
Foriivt CoiHSy W$i^SyMeafureSy &c. iaay find them in a. Book 
jU^dtbe ^ercbfi^U Map of CmmurcK^^ which for Bceiriqr iake I 
.'l^vf twitted I^ii^ribing^, and onlly colle£led tbeie Few dS^Coin. 



V/.-r 



^Tofeign'Ceins. 



EnglHh Coin. 



French Coins, \. . KDanierzz 

iiil.-'. r ' •'/ ' 12- i)^*w*5=I &«/«=(? 
r^'f.:!. : , i'^- • /20&ii/z — i Livfsezz:> 
.J 4 . : 3 tJvres:=:i Crpmf::^ 3 

Low-Country -Goib. A Stiver^ 3 

6 §tivtrs—i Flemijb ShHUng^o 
20 SHtHrs=i Gilder :z- 
, , _\ . io;tf//^^^=3?j- Shillivgsy.^ 
' ' • ' ^ *■ Or a FlemJh Pound f^ 

Emblem DoTler:=: 

CamPcn fiotlersdo 

ZeJandDoUerz^ii 

Lyons D6if(h:=^ 

Spetie Jbotier:^. 

, , ' Duccaiipon^sh 

A if//» Z)o/7^ of the &tpire= 



-.n V 



Geni^usy. ^ 



n fe Italy 



Spain. 



L% 



A (iilder (£ Nereti^grgdr 
The Uvre at teghprn^ 
Florence Cr&tm:G(mrrMt=i/^ 
V^ice Ducat de Bmrdrr 
' The Couffoht bntafsip 
ThtNafh 
The Cddix J>ucaii=: 
Hie Bareefona t^aiss «> 
The Valencia Ducat^zzo 
The Bergonia Ducat=;=0 
The Pomgd'tefto6n:=z 3 
Th€Picpedf%j&r= 
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. i^/r. The iBngUJb gei^aDy R4ct:6n t^eir Exchange with 
«ther Countries pi Pencil viz.\dS\^t Countries value t^^ii 
Crowns J tollers J or Ducat Sj Sc/ by En^ijh' Pence. ^ Except 
with fome Parts pf the pofo^Ccmibtiesy wkh whom - the Ekc&uige 
is ia.vFoiwrf^ Sf^r/«gj/ . ' : \, \ ,; .V^ 

guefi. t. How many ^oUeri it 4 s. 6 i. Per DoVer^ may one 



have for 162 1 18 /• 



. fe 

tfw 



4^ymer 



724 Do&ers. 
^ Thu» 



s^moam^m^ 



Chap. 8. IRttle of 5f eitotD^ffi, &c. 167 

* Thud i6a/. i8 ^.=3 258 J. and 4J. drf:=:54.^, Vl* 

Then 54 : I ; ; 5358 : {2^ the' A^fw^..' - - 

Quefl. 2. How many Saragpfa Ducats^ of 5 5. 6 d- the Qi^/ 
may be bad for 275 Bergonia DUcats \ at ^4 ii ' 4 i. tlk?^ prldej 
., A?$fwer 216 Bsxi^ s. B d, Qvet* 

Thus %s. 6 i.— 66 1/. and 4 j. 4 i.r:52* ;• \ • , 

llleh 275X52=14300^1— 275 D^r^n./^ ' / ' 

. Coqf^uently 66) 14300 (i2i6j- the -^^/wrr rAjufiei^ • * 

fijtt?/?. ?. A Traveller would change •23^5 /. ;t6 s- 8'd. Sferft^g 

Mmey ; for f^enice Ducat f at 4 j. 9 ^ rf. p^r Ducat ; How many 

Ducats mu^hthvfe? . AiJfv^eP pj6 Ducaiii % 

Thus 4: j; p»ji/.=57, 5^. and 253/. 16 j. 8 <==56t'20 ^; '^ *" 

Then sij^d.) 56120^. (^^76 the Anfwer re^iiited. '^ * 

fi5K/^, 4. A C^;> hath received 759 Duckti^ ^t 7/;'^^-^, 
ferDucaiy And 579 Z)o//^rj at 4 jr. SV. fhrUotkr: Which^lie 
would Ejccharige for Flemijb Marks at 14 j. jrf.tf^r Pkce : How 
many ought he to have ? 

Anfiver 589 7HSir*x^^tad 15 d. cwttf,^ 
For 7j.6i;s=jpo^. and 44. 8y/.=56':^: • ^ • '- - 

TTwn / 759X90=68310 i/. the Valbepf thei5«^^fj>- ' 
^ 579X56=^3 2424 d. the Value of thtMolkrs^'' • ^ 

their Saw ;=ri<50734i* ♦. \ 

And 14 X. 2 djsniji d. fhe Fle^ijb liiark m /'>;^r^. 
Confequcntly 171 Jl ipo>34 ^5i8s(;8f^^ die ^nfm^ required. 

Qffeji. 5. Aj^i// 0/ JSiri&^;^^ wa^ acc^tcd at Lo«io« for the 
l^yment of 400/, Sterhngj tot die lifae ."VAlue delivered in 
Anfterdamj at i /• 13 x. 6d. 9px 1 1 Sterling:^ How much Money 
was ddivetfid zt Amfterdam.^ - '-^^ . v ::*r - • 

A^fmenSjch FlermpK \ 
For i/.=24qA and t/. 13 #. 6^.^=^4024 ' ^ ""' * 
Then 240 ;*402^:: 400 : -670 the ^^/^/wiquitcd. >: . r! 

gye?/?.' 6. Wheathe Bsch^e^ftcmJinMenf^ito^ Lwdau is>5^t 
1 /. 14 J. 7 rf. F/emiJh, It* \\lS9^lhg% iiow.many FoX(^<(*^ 
'Sterling muft-be paid at lx>ndon\ to ballaace 236/. Flemijh at 

' AnfvDeri92l Sterling*^ 
'yhqs I /. 4i. 7^1=129.5^. and iL-=z2±od, 

- ' 'fhen 295 : ^40 •; 256 :. i^± ■^%'A^'^er. 

?? "'^^^ 



io3 ■ ' ^mmitm* ' ' %tn 
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QUeft. 7. A Merchant delivered at London 120 4 Sftr^iMto 
Receive 147/. FUmiJh in AmSerdm; How mpch was^iiL 
String valued at, in ipVwj/* Money. 

Anhper it ±s. 64» 

Tim 120 : 147 : : 2404/, : 2^4 ^.^i f. 4^* iS4^ &c» 

Queji. 8- A Kc^ hath fold Goods at Cadiz foe 14^ i»ec9 
of Eight; ^ued at 4 i. 6\d. $terhng per Fieoe \ How 'aBich 
^erlijug ISfoney do chofe Pieces of Ei^c amount to, 

Anfwer 333 1, ys. 2 d^ 

Tbuy, if i=54>5* ftrax469X54>5=8«(X)6<. *d 

« S^</?» P« A Trivelkf would have an equat Ai^^^ of Ofgecffiri 
at 5^« 6d.per Cwwn; And DoUfrjit^s. <d. fer Piece ^ 
^ow inany pfeacb Ibrt may he have Sx '309 /• 8 iJ 

' Answer 62^d^ tadi^ 

Thqs 3Qp|, 8j.x=74256i;r. 
^, And 5 5. 6V,4^4 ^* S ^^^^ W ^ 
V Then 11^ J 74256 (624'tfac i^/ft»r to^^ 

Qi^j7. la ^ppofe I would Exchange 527/. 17 '• 6d. £>; 
Dollers at 4 J. 6^. a {aece, DucaU at 5 j. 8^» a piecc^ ml 
Crowns 9t6s. id: 2, jpieoe ; and would have 2 Volters foi 
I D&r4f, and 3 Dollertfof z Qtqwns ? How many Of each i^ 
muft 1 have ? 

Anfw.9^Tl)ollerSj^6:i\BufaiSjmA6i%C^ 

For < 68 ^.=1 Ducat.> fer f^fthn. 
' L 73A=;i Crown.^ 

And 126690 dziz^Vf I ij.s.6d. 

Now if the CroFomsj Pollers ^ and Z)i^^<4 were to be Mutf ja 
Numieri Thfh 75+54+68 muft have been the DtvijoTy l3^\ 
which 126696 mufi have been X)ividedy and the Quotient woidd 
have been the Anfwer to the Queftion. As in die lafl E^nmglel 

But faere inAdd of their Siwm, fuch Parts of them muft U 
t;lken as are affigned or limited by the ^JHon\ that fi> tb^ 
NunAer of ibme onp of them may oe found. ' . 

Therefore it will?be f of a Tiucat for one Holler^ and | of j( 
Cr«io« for one DoUer. ' ' ' * 

■ ' .. " Con- 



^ Ciz^i^or to fiiM} tS^^Nm^erot^^s. 
Thus '♦i** ) ?2669ci C927 the i^uwher of Ddlers^ 
Tb^a J of f>ay:=465V » Jhc tfamker of Duc^Lti. 
And I of 927=61^ IS Ac Nunfier of Gmt/;^^ ^ ' 

Or if you pleale yoo miy fonn Divers to God cutl^oi tbf 
Hucats or Crwms firft : For if it be 2 Itei^'^j ^ i Ducaij^ixA 
3 DoZfcr^ for z Gr$vm$^ ^ before; 

Tb^ will 6 . DiUlm b^ % J D^^t^ «I<I ^ Dcll^f&t 4 

Cdnfequcntly, 5 pf's4 • + i<'C 68- -F71=30S>iIl be t^ 

Quefi. II. A Cqfbi^ is to Recdv^ ^00/* He is oS^rcd 
CfOfOM at 6s. 1 \d.per G'omr, which are Worth but 6 s. Or he 
may have D^IOers at 45^ %d. jjle pticQ, which are worth bue 
^s Ad^ Wi^of ^eie ihall heteceiyetobayethekaALois? 
Andhowffiuch wmhelMbtaV^^ ^ 

Now » find wliicli mw Hip ta* L«*f fiwl «i^«» 

advanced Vahie of a iM^ oug^ix) be in ptoftoctum to mt «K 

• Thr'72 : 7?»? u 5a : «,«a8^ **> "^JJ^ Jwe D^Ksrj 
at <2<f. fermeaty dieref^nre ^ Payment ln2>K«m will be the 

Next«o fbd tplist the whole LofrwiU bf, Z>«?*<^ itocooa. 
=:<;oo/ b? Ha and 5a- "I^ EKfttenoe eP tbeir QutHetat yritt 
bene Left ■ ' 

• ■ Thus 52) I20CX3O f2507V^ Aods?J lacxxjo («»S4 lr ^ 

Then 256714— 3?64t|=«43^H ^"^^^'"^ «4*, 4'^- » ««? 
Lofi; viz. 91, 184. i6»?f<fc 

There are other ways of anTwering the l^fl ^Hfifiivh N 0% 
I taketobe teeafieft. 

Chu&. 12. Suimofe I «**¥«? 4A ifojt, 10* Jot h C'ffw?; 
vAimm } And at anotfafllt ome I have 4 Cmms and ^ 

I1.', .. i' " JjOllSTS 



"M" , ' J -' ' ly 



tie arfel^etggfe. Partf. 

Boilers fcri /. 15 j. «teh being dE ithe fime Value with the firft 
.What is/the Value of a rrtftmr^ahd of a ^o/i>f?' ' ' • : ' -*• 

Fiift 11 Cr<mnsAr7DoBi!r.FssioQod. \. ,. ^ ' ! 
Second 4 Crmm^^ miers=. 420 i". f**' ** ^fiio*- , 

Then in orda to find the Value <X i Ciown, you mnfi .<a& dS '> 
^2?»//rt**l7inatoig^fflof^elWe*A5»iw*frj TliiB, i 

5| f''«w;+2l IMerssz^vjo tU die fitft /?/«/«/»/. with 2. 
• 28Cr«B»*-|.2i tioaers =s29^ rfl the fecoa^Mfltifi. yOt 7, 

Then 5 Crmms7= 3^o/-t>eiiu;dieir Diffiitence 
CQ«69«ntly 5; 530 (66= 5 *. 6</.; istfc ViauecfxCWDaw 
Ana 4 ur0toi«j=264 d. - - 

Then will 5 DoUersdtjiioi/.'^26^d.ss:\'i6i. " 
Confequently 3) 156 (^idss^ii 4V/. the Value of ' i Z)fl?&Vi^ ' 



CHAP. DC 



0/itiit8>eiotr. . 

JJ7 n EN it is recited to arir fevwal Sttts o^ffegfeaieats 
▼» together ; As diflFerent forts of Cfn, Wines. moT Spiees. 
w Metals- ot.t^<fpmfO&/liffdiehes, kc the Meth6a«>f p,^ 
|»tnomi» fuch M«tui«, is called tlife Hule of AlHgatioatmi 
"Divided intq twd Ftot« . a Bcuicbes; called ikfodial and 
<4(t*ifntte. . '■■ V .■•.'.■■'■■ • 

Mimm Meeady is that by whioh the- .Meu Rate or Pric©^ 
^at^ Mixtuf u foand, when the llorticdar Quaii^e« of the 
Mwuftt Md .Rates ,^. ritren; And is dlus pprfotwed. 

r irftfind the Sw» of an the Quantities propofed to be mix'd » 
Aim alio fhe ^ of aU (heir partiqdar Rate& 

Then the Pro^oxtion will be- 

T, ,• S^' lbf^Sm.y,4tt 0e QMjmtities s Is, tq tie Sum of 
^ule ^ «// /2rf;>' ;p^f^f : : $0 is my Part of tlje Mixture: 
^ To the Mean Rate or Price of' thai Part. 

^uefl. I. Subpafe i<,,BuJhets of Wheat at < a die BuJheL 
and 12 Bujhehoi Rye ix is.td. the'j}jij(i&4w^nfii*dtogetbep''- 

'■'■". ' Wh« ■ 



fchapi 8. Igtde ofifeHfltegitp, fee ttin 

What is the Mean Rate or Price, it may be fold foe a BajM, 
mchdut Lois oc Gain? c .■ ^ 

. Thi9 Qjueftion prepared as Direded a^e will flaod 
rrVm^I 1^ tuJheU di Wheat ^^s. fer Bujhety comes to pood. 
Ii2 f^Jhels oi Ry at 35. orfl each^'coitses to ipli, 

272id)eir Skm And their Total Valiietet404iit 

Then TfBuJheU^ 14041//^ : i £f^4 i 'i^d.^^s. ^d.iim 
Anfaser required. 

' Queft. 7. A Grocer Miiieth 56 Pounds of Ii>4f r^, fjrorth t s: 
6d. a PM^i, with 12 Pounds of another Ibrt at 2 j. a Pw)nir 
and 12 Pousids of a third fbtt at i s. lod. ti»^0und. How mqf 
be fell thcMi^cture per Pwnd? 

B). s. d. J, 

C36. at I . 67 r648 . 

^ F/^< 12 • at 2 . o V ferPmndJiSfifsam to < 28^' 

C12 . at I . 103 C^ ^ 

- . 6or=the Numier of Pounds ; dicir/ Valacssyibi ' 

Then 60 lb : I200^« :: rib : 20t^.r:ii.8i. die w^ylbtfS^ 
required. «... , - 

Q/sefi. 3. Arintmer Muelfa jt Gii£b«f: SUidhalf of AG%i 
Sa^k worm 7^.6^. th^ ^kZ/ws; with x8 fiiafilliu of Ciatojf at 
6s. p ^. the Gisilfi^ff ; 13 Qallonssuid hgil^.^Sbern at.5^. tl» 

C/z/Ai«; And 27 Gallons d£ Wi^ie Wine. zt±s. '3 /.die Atfipn. 
,Tis required to find what one GdUo^ cf i^s QtuOBrt is^worth. 

G^. s. d. • . t-::; . : PeHcf^i 

^3iiat7.6-^ r283|, - 

• jKDj=Ae Nuniffef of C^i/. Their ValucaB«^4$o* ^ * 
Then 90 : 6480 : : 1 i ^24.-6 s. Ae Ratir Qt Prke olE QOi 

CeBon^'-^ was required. ^ -' ' 

The iVoo/ of all Operations in theft f(Mrt of Mixture s^ is danc 
bf comparing the Value (^ all the Mi^cture, be;in^ fold at the 
Mean Rate; widi the'^otal; Value of all dieparocular Quand-' 
des, fiippofing they had beeii fold at their, relpe£Uve Rates unr 
j|m*d/ ^tboK £s^47i itt eq^ th« Wotk is tnie. 



Migididn AltermaUj Is that by which ^ psuticubrCjaantidd 
ri* every I^sredient cortcesm'd inaUiy MipctUre are found | Hfllei 
tit parficwalr Rates of everyone of Aole Ingredients, and dM 
IbgM Rate^iBt ^vcii$ bdngf'as it were j tin Gonvtiie tD Alliic^ 
$imAttdki\ akwffl appear by diefbHawuigiO/MTjr/DAi^ tirlucli 
admits of three C^es. * 

Cii/^ L The ParticulMt Rates of any Ingredients propofed to 
ie mixesdi and die' Afriiv iP/z^ of die whole MiKture being 
flveub To lind how much of each {i|gi:edieM: is requifite to 
^>a)pc& the AiixSurw I vAyca the whok Quaadtfy or any put 
thereof is not Umited. 

Queji. 1. How much Wheat at 5 j. the £<^r/, and Rye at 
'$/. 6^. the Bujhelj will compofe zMixtiire that Ikiay beSo/i 
for4/, 4</« the Bujbel/ 

Nkfte, //ii iz/7Qti4^d^ ^ f i&r i Nature, jr t&f^ he ^bn^enient id 
flac^the Mean Rate /p, ^z ti&isf it ^ ^# ^jff)^ cMiftired wHb 
tbe Pafdcular Rates, in mder io find every me of their Diffe. 
jffnees from the ^eaaRate, Jjr inffeiUom only. 

Thus, die ^^« if^f^:=52 A{^^^^^ ^J; 
lltM iakt }fft^ ^ivm? Higtrmeslett^^ iJh Nfeaft Rate, 

mUely, ^atd Hf^ ^mll he the etimi^m ra^eSL 

That b 52 — 42^10 for the quantity of Wbe^^ 
And i6—52S3i: 8 for tfaequanrity of jS^^> ttomdHcooH 
tK>le the JfiCivtei^^ required. 

The Fn)o/ by AUigaiion Medial. 
rio iB«/?>^'/i of Wheat at 6od.fer Bi^eh=6QO'd. 
8 «»/fr^/j d£ Rye 9Bt 42ii far Bufhel ^^^d. 

18= the Number oi Bujhels. zs^6^. 

Then 18 : 936 •- : i : 52^.= 4 x, ^J.^MeamRate. 

iVef^ AlthoMo and 8 do ^/t{/mrthe Qii^iou^ asplainfyap' 
l&ears by the Jpro^; yet diey are not the ody Two Uumbers^ &r 
this Qjueftiou^ and aU odiers of ^is lindj, will admk of various 
Anjwersj and aD thei whole Mtfhhers ; for zof ^Two iJunifiri that 
are in die fame Ptopbrtion to one anofcer^ aa 10 » to 8, ^rffl aa 
teij^jAn^iiieriBAGinefiion^ -- -- ^ - jp.^ 



Add{^ 
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f:7«. IP : 8 s : < J5 | 12 ^ g^^ ad infinitum. 

, SJ.«^i?. 2. A ^or^r would piix Three forts of Tohaccco together 
vix. One Sort of 18 rf. f<?y lb,.another Sort of 22 ^/. />£ir lb, and 
a Thircl ^>t of 2 j. the lb. How much of each Sort muft he 
take, th^t thcwhole Mixture may be fold for 20 d. the Pound. ^ 

Having fet down the given if ^f^j, as before: Th^nfind eacft 
of tfieir Differences from the propofed Me^n Rate j And pkcc 
thofeC>iffcrcnces Alternately. Thus, 

,^ „ ^ ^5 ? f 4+2=24— 20 and 22-^20 

Mean Rate 20< ^2 >< 2=20—18 

C. 24 it 2:=:20— 18 

. Theft Differences^ viz. d . 2 , 2 are the Quantities Required^ 

|- 6 lb of Tol^acco at i8 d. fer Pound come to jo8 >• 
ftt^f\ 2 lb at 22 ^. the Pound comes to 44 P ^, 

\ 2 10 at 24 rf. the Pound comes IK) 48 -^ ^ 

lo=the Numler of Pounds. Their Value =200^. 

.Then 10^ 200 (^20 th^ Mean Rate, * 

Or indeed any three Numbers that have the fame i?4f/o'to oac 
aoo^ as 6 and 2 have^ will Anfwer the Queftiofi^ 

That is, 6 : :{ : :^ 12:4 V £5^* 
I 15 -5 S 

But if only one of the three given Rates had been greater thai^ 
ftc Mean Rate ; Asfuppofe i±d. per Poundy i8d. per Pound;^ 
and 24 d. per Pound. And the Mean J^e zo d. as before.. 
Then their Difference muft have been placed, ^ 

Thus^ ^^ "> ^^ \ / i if^ Asbeforc» 

Qi(eJK. 3. A Vintner would make a Mixture of MaU^^ 
worth 7 J. 6d. per Gallon^ with C^^f^jr at 6^. ^d\per Gdltony 
Sherry at 5 j. />^ Gallon^ and H^Wf tf IT/V?^ at 4 j. 3 d. per 
Qfillon 5 What Quantity of each fort muft he take, that tji^ 
Rtixture may be fold for 6 s. fer Gallon P 

In all Quejiions of this kind, wherein it is required to mix; 
Poui: Things together, T^o of tficm having thefc Prifc^ ^^^^^f^>. 
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and Two Lejfer than tfee Mean Rate ;, you muft always AlUgate 
or Compare a Greaier and Z>^ Prif^ with, the A&^« Pr/r^, 
fetting down their Diflfercnccs Alternately ^ as in the Firfi Sx^ 
am fie of this SeSiion. 

^Malaga pod.^ J 21— 72-- 51 
•r^ n^ ' ti . j^ White "jirf-fH l8=rpo— 72 

Tim, Mean Iiates=:72d.^S^^ 6orf.f} 9^81-72 

C Canary 81^.^112=72 — dp 
Hence 21 G^o»i of Malawi 12 of C/rzr^rj, p of ^A^iry, and ^^ 
of W^hit^ will compofe the mixture Rehired. 



C Malaga god.s C12 Malaga 
51 ^!H 9 ^6ir^ 



V iriaiaxa yj 1 # 

/%!.-. J Sherry 6od.fZ 
Ottim,72<jCa^ary Si^Of 



.\'S:?H>^'. 



Either of thefc Mixtures equally yf^r/ro/fr the Quefiion^ viidg^ 
may be eafily try'd as before in the Lafty &v. 

Cafe 11. The Particular Hates of all the Ingredients propofed 
to be mix'd, the Mean Hate of the whole mixture^ and any 
one of the Quantities to be mix*d beine given. Thence to find 
l^ow much of every one of the other Ingredient^ is re^iificctd 
coippofe the Mixture. 

Note, This is ufuaBy called Alligation Partial^ 

^fi. 4. How much Wheat at 5 jr. the JSw/fe^/, muft bemix*d 
'with 12 Bi^ek oiRye at 5 j. 6rf. a Bujhei; Thaj the whofc 
Mixture may be fold for 4 s. Ad. the BH^el / 

In this Cafe you muft fet down all thfs Particular Hatesy with 
the Mean Rate^ and find their Diflferences juft as before j without; 
any regard had to the Quantity gjven. , 

:rh«s. Mean Rate 52 d, {^f^ ^^H'^ 

SAs the duantity found by the Differences ofibepmf 
Name vsith the quantity ffven : Is to the U^antity 
^ given : : So is any of the a/ her Quantities fdund hy 
^tbe Differences : To the Quantity of its Name, 
Thus 8 : ^12 ; ; lo : j$. the Quantity or Number oi Bufieli 
of Wheat required, 

Quefi. 5. How much Malaga zi^js. 6 d. the GaSon, Sherry at 
5 i. the Gallon, and White Wine at 45. :^d. the Gallon^ mult be 
^lix'd with 18 Gailens of Canary dt6 s. yd,, the Gallon \ Thae 
ibe whole Mixture may be fold for 6 s^ the ^dlon f - 

•■■ '" ^ The 
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Itie 2Jn»5 being fct down, 6?f. as before, willlfand 

^Malaga p^d AC 21 

jSberry 6oa.^ f p 
CCanari 8ld.f\i2 
C2I z t^Vi CioUons oi Malaga. 
Then, As 12 : 18 : : <i8 ; 27 Gdlons d£Whitel 
C 9 I 1^^ Gallons oH Sherry. 
pat is, ^\\Qdlonsoi Malaga, 2% o£ White Wine, ajid ijt 
01 Sberrj^ being niixd with i8 GoUms of C4«i«ry, will make 
the Mixture required. 

^Malaga pO\ J iz 

Orthos, 72j??'^^y^^M^8 

' ^ <^Lanary 8l'i j 2I 

CWhiU ^ifX 9 

^12 : iOtt the Malaga Y 
Then, As 21 ^ 18 : : < 18 : lA^ the Sherry S &c 
^9s mtheWmte. \ 
daitt^s. \, Pence. 

^ io,« ^f po^. eacB^ 5>251V 
Prfof ^^5t? ^^ 60 d. each=^ 92Wr 

^18 nf 8l i. eachznl^'yi 

Sum 511? ^47«ft=:3702i? 

Then 5 1 1 « ) 379,2^1 ? (72 ^.=^ J- the ^^^ i?^rf^.' 
Therefore Qie Cluanfittes are as truly ai&gned here, as in the 
toft Wort 

Cd/e HL The Particular Hates of all the Ii^predlents propofed 
to be mix'a; a.];id the ^um of all their Quantities with the Mea^t 
Rate of that 'Sum being given ; To find die particular Cluantities 
of the Mixture. 

This is tailed Alligation Jhtalj and is thus performei 
fct down all the Particular MateSy with tl» Mean Hafe^ and find 
their Differences, as before : Add togiether ail the DiSercnqeis inco 
aoe&;fi; 

C Ai the Sum of all the Differences : Is to the Sum of 

Then < all the Quantities given. : ; So is every particular 
, L Difference : To its particular Quantity. 

Quefl. 6. Let it be required to mix Wheat at 5 j: the Btijhe/y 
^ith Xye at 3 s. 6 d. the Bujhel; So as that the whole Quantity 
may be 27 Bujhels^ to be fold for 4 j. 4 ^. a Bujhel ; What Quan^^ 
t/fjf of each muft be taken tg make up the Mixture ? 

Q 2 JAea'i 
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18— ihtir Sum* 
Then 18 ; 27 i t J^ *g ; .J 5 \xhe Quantities required. 

Queftidn f. Siippofe it were required to mix Malaga ^Ts.6d* 
the Gallon^ with Qanarf at Ss.^d. the G^z//o« ; 5jbwjr at 6 j. die 
6^/0;/, and White Wine at a j. 3 £/, the Gallon ; So as that the 
whole Mixture may be po Gallons ; to be fold for 6 s. the Gdlhfz • 
How much of each fort will compofe that Mixture. 

^Malaga po\ J 21 

-- o ^ ^^ y \lVhite sii*^ At8 

Mea^Ratezrqi d. ^^^^^ J . ^ ^ 

CShetry 6oi CI2 

dozrtheir 5b^/» 
^60 : pq ;: 21 : 31} the Gallons of Malaga: 

Then V^^ • ^° •• ^^ • 27 **^ Gallons of White Wine:, 
^^^ J 60 : 90 :: 9 : 154 the Gallons of Sherry. 
L60 : 90 :: 12 : 18 the Gallons if Canary. 

Grthus,72-}5,*"'^J^|^i ti8 . 
' ^ J Canary 81 \ f2l 
C White 51/1 p 

60 their £/«tf. 
r-^o : po :M2 : 18 Gallons of Malaga^ 
Then 3^^ ' ?o " 28 : 27 Gallons of Sherry. 
incn i^g^ J ^^ ,. ^j , ^jj Gallons of Canary. 

f 60 : po :; p : 13^ Gallons of IJtbite Win^. 
Eidier of thcfc ways do equally Answer the Queftion, as may 
be eafily tried by AUigatim Medial. As before, gr. 

Note, The Work ofthefe Profortions may he muchjhmertea 
(effeciallywhen there are many Ingredients to he mixdjifjau 
ohferve the fame Method as was frofofed in f/&^ Rule of Fcllow- 
Ihip, fage 99, &c. 

I have made ufe of the very fame Example both in Atligafiofg 
Medial y and Alternate^ throughout the three Cafes ; beinir 
as I prefume, much better than if they had been different 
ones ; fcecaufe the Learner may (if he confider a Cttle oil 
th^m^ eaflly perceive, not only the pifference between the^ 

tvirar 
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two Eulesy but alio wherein the chief Difference of each Cafe 
in the Alternate Rule depends, fSt. t^Iot but that I could have 
inferred many various Examplesy as alio the Manner of Compo- 
fing Medicines, @r. which, fqr Brevity fake, I have ohiitted, 
^d refer thofe that defise to fee into that Bufinefs to Sir Jihds 
^€fre% Arithmeticky wherein he will find it largely handled. 
And fo I ihall condude with Alligntim Alternate ^ whidi altho* 
It j^ves true Anfwers to fiueftions of that kind, with fomc litdc 
variety, according as the Ingr&iients are More or Lefs in Number z 
Bs appears by the foregoing Examples; Yet it will not give all 
the Anfwers as fuch Quefiions are capable of, nor perhaps thofe 
twhich fuit befl with the prefent Occafion : Nor can this Inipep- 
Fcfiion be remedied by common Aritbmetick ; but by an Ai^e^ 
hraick way of Arguing it may ; whereby dl the poffible Anfwers 
to any §ljiejiwn may be clearly and eafily difeover'd ; As ihaS 
! be ibew'd further on in the Second Parti 



CHAP. t. 
0f Sottas md their ^pmficlt tff^atittef, <^r« 
Seft. I. OfmVi and^X^tS, 

PURE Goldy free from Mixture of other Metals, uCia^ 
called Fine Goldy is of fuch a Nature and Purity that ic 
Will endure the Fire without wafting^ although it were kept 
continually Melted : And therefore fome of the Ancient Pbi" 
hfoPhers have fuppofed the5»^ to be a Glohe of Liquid or 
Melted Gold. 

Silver having not the Purity of Gold, will not endure the Fire 
like it ; Yet Fine Silver will wafte but a very little by being in 
Ae Fire any reafonable time; whereas Copper,^ Tiny Leady Qc*- 
will not only wafte, but may be ealcin^doi iurni to a Powder. 

Both Gold and Siter in their Purity, are to very flexible oc 
foft ^likc new Leady &t. ) that they are not fo ufeful either in 
Coiny or otherwife ^except to beat in Leaf -Gold or Silver) as 
when they are allay'd, Or mix'd and hardened with Copper ox 
Brafs^ And altho' moft Places differ more or lefs in the fiuan^ 
iiiy of fiich Allajfy yet in England it is generally agreed on, 
that, 

Stand* 



Standard fot C^dD. 

22 Canafis of Fi«9 GoUy and 2 OurraOs of topper^ being nieiH 
ted tc^edier ihall be efteemed the true Standard for Gold Coyn^ ^j 
The FrciQcbii^^SFamlb Gold being verj near 6f the fame Stan^, 

That is, if any S^^Mitj ot Weight o£ Fine Gold^ be ihfklei 
into Twenty^ Four equals Parta, and 22 of thofe Parts be iBix'4 
mdth 2 of the like Parts of Copper \ that Mixture ia called Stiot^ 
dardGola. 

Whence you may oh&tve, that a CarroEl is not any certaU 
Quantity or Weight , but ^i part of any QuaniityiOt H^eigbti 
and the Minters and GoUfmiths Divide it into 4 equal trntOL 
Ivhich they call Grai«i ot a CarraS; alfo lY^y fuMivide one ot 
thofe Grains y into fJali^s^ Q^artetSy *€• 

Suodard for fbflfter^ 

Elehen Ounces and ftwo Penn^^vieighf of Fine S//iw, and JE/^^ 
t^^« Penny^vseigbt 01 Copper bein^\nelted together, is efteem'd 
Ae true Standard for Siher Coin^ calkd Sterling Silver. And fo in 
Proportion for a greater or Iclfcr QUojAitj ; wWch is a Left /V*- 
fortion of ^//^y for S/fo^-, tlian the o^her is for Gold. 

Note, When either Silver. ox Gdld n Finer thart Standard, it s 
called Better; if Coarfer, it's called Worfei and that Bettemefil 
cjr Worlenefs, is reckoned by CatrtiBs and drains of a CarraS \n 
bbldj and by Penny-weigbts in &V*^, and i^ thus difcovered : 
The GoUfimths or Refiner s^ &c, do take a fmall Qiumtitj/dl 
fiich Co/^ as they intend to Try (vfhkh they call omking an 
^ffay) and weigh it very exaflly, then they put it mto a Crudtle^ 
and melt it in a (trong Fire, ib long that if there be any CoPpei^ 
or other Allny mixi with it, t^ AUay may be confum d or 
Ibtomt away: yVhen it's cold they weidi it very exoQly again, 
and if it have loft nothing of its firft Weight, they conclude it is 
pine Goldy but if the Lofs be ^\ Pari^ they caB it 23 CarraSs 
Fine, or one CarraSl letter than Standard: If it have loft x\ 
Parts it's 22 CarraSs fine^ or Standard: If 4 Parts^ it's&idto 
be 21 CanaBs fine^ or rather one CarraS v?orfe than Standard^ 
and fo in Propottion as it happens to be Bette¥ or tforfe* 

In the fime Manner they make their Aflay on Silvery only tbcjf 
compote its Lofe by Penny.weights, ^c. 

The Author of the Prefent State of England^ mentioned be- 
fore (page 32.^ ^jiy 

-' ' fTfiat 
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^ That t^e J&r|f///]& Cpj« may not tyrant neither the Purity noc 
f Wd^ht required, ic is moft wifely and care^y provided, 
St ^ ocice every Year the chief Officers of the Mint appear 
1^ befixt Ae Lords of die Council in the Star^^Cj^apiter at Weft* 
\f mnfter^ with feme Pieoes of all lorts of Moneys Coined tho 
f Ibr^oing Year, taken at adventure out of theVl^fvf, ^sA kept 
[^ under the leveral Locks, l)yleveral Perfons^ 'dU that Appearance^ 
» and then 19 z, Jury of 24 sdble G^^mihi^ ui the Pretence o£ 
p dr faid Lords, eviary rieoe is moft «3ta^y Weighed ^ 
* A%*d. 

This if it were CQnd^ndy praSifed vfrould keep our Coin ttt 
jfli true Standard, 8r. 

I ' Many pretty Quefiions m^ be flarte4 concerning the Ftnenefi 
\^ ColdzxASHver'te:/ 

j If an Ingpf of Silver wei^iing 787 ^ 14 ffit. 6 ffa^ts^ 
Be II ^z. 6 fvot. fine; How much fine Silvet is there in it^ 

i and WUic amoonts it to, at 5 1. 1 \J.^t Ounce ? 

This Ingrt is ietter than Standard liy 4 ^f. For :(i oz« 
2 ;iQf.a»a22 f«or. di<^ &i^ ^her in il ^ of Standard. Buc 
II 9s^ 6 fwt.:=:226 f^u the fine 8ir/<^fr in 12 ^. according 
to tMfe Qjueftim. ' 

Firft 787 oz* 14 ^n*. 6 y/ii»*=:378ia2 ^^wx; 

And 12 oawsa»240jw(. 

Tben» As 240 : 226 ; : 378102 : 356046=5:741 oz. 15 fwk 
6,1 gr^ibsBnt Silver ift that Ifigot. 

WUcb at < s. lid. the Oumey amounts to ipo/. i /. 6 ^ 
ttd near a fo^.f^m^ 

Km If/got of Cgo/^ we%hiQS 115 f^ x^ Jf«^- 18 ^^>x; 
I Be i' of a g'ain woi^e than Standard : How much Standard Geld. 
tftbere in tf^ and what comes it to at ^ /• II i. an 0^»r^ ? 

^ Fhftii5oz.i5fwM8j5r.=$553oGr4M«i3r«> 

Then 24) 555 30(2^1 3,75 =a CarraSi dT that ({uantifj. 
And 4) 2313,75 (578^1.375=* Gr^ of that CarraSt. 
ConfisqhOTdy 4 ) 578^375 (i44>66^375=^ 4 o^ ^ S"^^^- 

Again, 2313,75/22—50962,5 ought to tc the foe GoW in 
UmlngpK if It bad been Standard ; 



But 50902,5— l44,6o9:j75=B.50757i8po625 is the Quantity i 
fine Qm according to the Queftiofi. 

Therefore 509025 : 50757390625 : : 55530 : 55372,244. J 
grains — ll'y px^ 7 fwU 4^2^ &c. Grains Troy, being 
Suantitj of Standard Gold m mat Ingot, As was required. 

Next for the Value of it at 3 /. 11 4. fer Ouncei ; i oz.:ir/| 
jfTiiw. And 3 /. II j.i=:7i J. 

Confcquendy 480 : 71 : : ^5572,144 &c : 8190,4777. 5 
=^409 /. 10 s 5| ^. very neat ; peing the Value of that In^ 
As was reauiredL 

Or the lafl Quefiiom may ht othermfe wrought thus ; 115 pi 



13 pwt. 18 ^A-^w- 1 15,6875. 
VTi)viz. the J of J) 



And jof a Gmv^ of SiCarr^i 



Then 22— x;=2i TS^2i,P375, 
Confcqucndy 22 : 21,9375 : : 115,6875 : 115,358842 & 
=115 oz. 7 fwt. 4^244 grainsj &^, As before. 

Next for the Value, As i : 3,55 : : 115,358842 : 409,5239889] 
. sr409 /. 10 J. 5 J 4. very nto. As before. ' | 

Sea. 2. The fiptdfttk 4B»1SitTl cf ^etalf , &c. 

I take an Enquiry made about . the differmi^Gravities, or 
Weifbis of Metals^ and other Bodies, to be f'not only t Wod^ of 
Cunofity, but alfoj of very good Ufe upon many Oocafions. 
Therefore leveral Authors have given us fudi Proportions^ or 
Difference oi their if^eigbtSy as they are Isad to have ;one to 
another ; fuppofing eveiy one of them to be of « the fame M^ig^ 
nitude or Brgnefs. Some of which I Ihsjll here infert. 

i. Renrj Van Etttfn^ in his Matbemaiifal Recreatic^Sg^xifited 
'Aftno 1633, lets down the Proportion of their Weights. jThus, 

Gold 1875 . ^^ ^ ^^5 • ^^^^^^ ^040 . Copper 91b ./r^n 810 . 
Ilf« 750 . ifater 100. ^ ' • "" \ ^ 

2. One Alfted, in his E^ylopediaj Printed 1649, hath them 
Thu5, 

^Gold 187s . Ctuickjiij/er 1500 . Lead 1165 • Silver 1040 . 
Gooperp JO . Iron B06 .Tinj^o • Hones 150 . j^^sf^'ioo ." 
on 90. Thefe feem to be, taken from thofc of Van Etten\ 
ivith fomc Additions only, 

3. The Ingenious Mr. Ougjhtred^ in his Circles ofPropmmM 
Printed Anno 1 660, hath their Pro^or/!?W according to the 
Experiments of one Marinus Gbetaldiy in his Traft caBcd Ar^ 
chimedes Promctus. Thi^s, 

Go^d 3990 . Quickfilver 2850 . Ijea4^ 24^5 . ^Hver^ 2170 • 
JSr^i 1890 . Irojfs I68p . Tin 1554. "4. Ijl 



Chap. io> ot apetaig, <g?gt>ttieg» &c> m 

I 4. in the Philofepbka) Tnftifaaionsi (Nrnr^er 169 and i j 
: there fo an Accowil: o& a great matw Experiments of thb Idu , 
I from whence I coHefted thefe toUowing, %m. Gold 1888S • 

Mercury I4019 . ttad 1^34^^ Hhir 11087* Cd/!prr88lij ♦ 

Hmmerd Brafs ^A9 •Caft Brdfs 8100 . Steel 7852 . Aiir* 

^642 . Tin 7321 . Pumf-^vatef xooo. 

I Th^ kft Proportione being approved of and pubUfhed by 
; Order dt tht R4jal Sodety ieem to be unqiieflionably jtnie : Ne* 

Vertbelds. b^caufii thcfy diflfcr fo much from the beforemeotioned.. 
: (tod iboje from one anotbet) I have for mj own Satisfadioa 

liiiitfeveral Experiments of that kind : And bavj^ (I frtfume) 
; d)tained the Proportions of Wekht that one Body bears to 
I anodier, of the fime Bulk o^ Magnitude, as nicely as the 

Natare of fuch Matter, as may be jconCt^ded or brought into 

a leSer Body (viz,, either by Drying, or Hammering^ or other«> 

triTe) wiH admttof } which are asfoUoweth : 



I 



A Cwhick 
Imbof 



Time Gold, is 
Siandardaod^ 
4uickfilver^ 

tead^ 

Fine Siher, 
Standard Silver J 
R^fe Coffer^ 
Puae Brafsy 
GaftBrap, 
Steely 

Common Iron^ 
^ Block Tiny 
Fine Marble. 
Common Glafs^ 
Aldbafterj 
Dry Ivory, 
Dry Box-v^ody 
Sea Water^ 
Common Clear Watery 
Red Wine, 

Proof Spirits or Brandy 
Sound Dry Oaky 
LinfeedOily 
pUGlivey 



Oimeet 1m i rf 


OaneuAttri 


10,359273 — 


11,365602 


9,962625 SB 


10,930422 


7,384411 = 


8,101753 

6,553885 
6418324 


5,j>&ioio = 


5,850035 = 


5,556769 = 


6.,096'^69 


4,747121 s« 


5,208369 


4,404273 = 


4332U6 


4,272409 = 


4,630300 


4,142127 = 


4.544505 


4,0 jl 361 = 


4,422979 


3,861519 = 


^2ii663B 


I4294II = 

1,360841 =s 


1,568859 


1.493037 


0,988456 = 

0,962083 ss 


1,084477 


1,055542 


0,543282 =i 


0,596057 


0,542742 = 


0,594094 


0,527458 = 


0,578697 


0,523766 = 


0,574646 


0,489268 =: 


0,536796 


0,48<>C08 = 


0,536569 


0,451591 = 


o,53P345 


0481569 = 


J.52835C 



In 



J22 



attd^mettcB^ iPart 1^ 



In this Tabh you have the Sptcifick Gravity or Weight of a 
Ca^/VJfc /»f 5, of various forts of Bodies, both in Troy Ounces and 
Avtirdupois Ourttei^ and Decimal Parts of an 0««f^, which I 
can aflure you fequined cnore Charge, Gart, and Trouble) to find 
out nicely, than 1 was at firft aware of. • 

Now from heoce it will be ea^ to detcrtaine the Weight of 
any propofed Quantity, of the iame Matter and Kind with mofe in 
the Table ; its Solid Content being given in Cuhick Inches. For 
it is plain, that if the Numher di Cuhick Inches contained in any 
given Quantity^ be Multiplied with the Tabular Weight of one 
Inch (of the fame kind of Matter) xh&ProdmSl will he tht Weight 
otth2Li Quantity in Ounce Sj Ac. 

Example. \ 

Suppofe, it were required to find the Wehht of a Piece of 1 
Marllej contahiing three Solid Feety and 40 UiHck Inches. 

Firft i728X5=;5i84 the Cubick Inches in 3 Solid Feet. j 

And 5184+40=5224 the Number of Cubick Inches io the i 
Vitct 01 Marble. 
Then 5224X1-429411 = 7410,066624 Ounces frdj. 
Or 5224Xi>56885P=8ip5,7i94i6 Ounces Averdufois. 

The Weight of that Piece of Marble^ in Ounces^ &c. which is 
eafily broughc into Pounds j Sec The like for any of the reft. 

The Converfe of this Work is as eafy; viz. if the Weight of 
any propofed Quantity be given, thence to find the Solid Content 
of that Quantity in Cubick Inches, 8cc. 

Thus, Divide the given Weight of the propofed Quantity (it 
ieif/g firji Reduced into Ounces, Sec.) by the Tabular Weight of*, 
one Inch (of the fame kind of Matter) and the Quotient will be 
the Number of Cubick Inches cojitained in that Quantity. 

Note, If you would find what Weight any Quantity of thofe 
Bodies mentioned in the T^le will tuive, when it is immerfed 
or put iiKO Water, yOu muR SubJlr'aSi the Weight of an equal 
Quantity of Water (with that of the Body) from the Weigtf 
of che propofed Body (if it be heavief than Water) and there 
will Remain the Weight required. ^ for Inftance, 

A Cubick Inch of Z>^=5,9840io'> /),,^.^. tV^^ ^ 
A Cubick Inch of Water =o^^2^ ^«^'^^ ^'^^J^' *«• 

their Difference is, =5,441268 the Weight of a C^ici 
Inch ci Lead 'mxti^Ylimific^ 
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CHAP. XI 

CB\»lutm,orExtraElijfg the UQOtSoutofall^inzltPotDtti 5 
iy^ one Gfinerd Method^ 

Sca> I. . . 

jy^olution is tht Unravellw..^^ or z% it^trethtUnfaldhg^i. 
*-• XefxJving any propofed jPow^r ox Ntm^er^ into the fame, 
parts (^ Which it was compo'ied, or fuppofed to be made up. 
Now in order to perform that, it will be convenient to confidcr 
, how thofe Potoi?r J ace Compofcd, 8r. 

A Square Numher is that which is Equally Equal ', Or which, 
is contained undei^ two Equal Numbers. Euclid 7. Def. 18. ; 

Thus the Square Number 4 is compofed of the Two Eqf^l 
Numbers 2 2inA 2. viz. 2^,2— A. * . r 

Or the Square Number 9 is compofed of the Tvqo ^Eqt^t 
Number^ 3 and ^. viz. 3X? 9- According toEudid. ,»% '^ 

That is, if any Number be MuHipUed into itfelf } thatfPro.^ 
duft is called a S^.^r^ Number, i 

A CaJf is. that Number^ which is Equally Equally Equa^y pr 
which is CDotaineiunder. IX?>'^^ £j«/t/ Numbers, Euc. 7. ZV/. ip*. 

Thus the C«J^ Number 8 is compofed of the Three Equal 
Numbers^ and 2 and 2. t>^«» 2X^X2- 8u, 8^ . 

That is, if any Number be Multiplied into it felf, and thit 
ProAt^h^ Multiplied wkh the fame Nuniber^ thefecond ^r^- 
duS is called a C« Jf Number^ " , 

Tbefe Twos, ^^5:. the 5^»/«r£? and Ca^^ Numbersy borrow tVir 
ATtf^!?^/ from Geometrical Extenpony or Figures 5 as from the 
Three ^/^^/rf Quantities mentioned in Pag^ 2. 

That is, a Jffoof is reprefcnted by a !Ltri« or gfejiie, having but 
one himenjiony viz, that of ILengtb only. 

The Square is a /^/^/.7- or Fig'ire of Two himenjions^ having 
iS^^ len«;6 and T^reatjrb. 1 he Cube 15 a Sb«^ mdy of Thirce 
himenpons ; havbig £j«^/ ^Lengrb. T^reat»t6i and fiftlcftncft: 
But beyond thefe Three, Nature proceeds not, as tc Ij)cal Ex* 
iejiffofg. That, is, the Nature of Place or Space, admits no 
room for other ways of Ext'^nfiony than Lengthy Breadth', and 
Tbickfrefs. Neither is it p-^flibie to form, or compofe any Figure 
or Bodyhtyoni that of a So^d, 

And therefore . all the Superior Powers above the Cube or 
Third Povt^er ; As the Eiquadrat ot Fourth Power ^ the SurfoUd 
or Fifth Pov^ery &c, are beft explain^ and underflood by a B^ank 
or Series oiNumlers in Geometrical Proportion. 

For Inflaiice : ^ 

Suppofe any R^k 0^ Geometrical Proportio^alSy whofe F/>y? 
TtfiW and Ratio arc the fame ; il^nd to them let there be 
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afligncd a Stries of Numbers in AriibmXick PropeJ^ny be^n^ 
iiing witfiTan Vnii or x. whofc c«mmon differencif is alfo i. as iii4 

^^°^* \ 2 . 4 . 8 . i8 . 52 . 64 . 128^ gr.in ^ 

Then are thofo Numbers in if produced by a continued MuU 
tifUcaiion of the Firfl Term or itoot into it fdf ; And ihofe mr 
ArHhmetieal Progreffion or ^ntJlan do fhcw what Deyv^ or 
Power each 7^fi» m the Geometrical Profortion is of. ^' 

For Example ; In this S^nVi of 4f 2 is belli die FhtJUirm 
txKooty and common Ratio of the Series. 

Then 2X2 —4 the &^o«^ Krw or Square* 

And 2)<2X2=:i6 Or 8X2=16 the Fourth Jim or i5»^ 
quadrat. , And fo on for the refl. 

Nou^^is is called JntmrSttott, viz. When any Nao*cr is 
dratm into ft /elf ^ and afterwards into Hat Ptodoft, ^. H's 
faid to iefo often Involved into it felf ; And the Indices are tbe 
* Exponents o/tfi^ir r^/f ^6? w Powers /e involved. 

And according to thele Involuttons^ is formed ihe fbUolvin^ 
3iJ/^ oi Powers j wherein the ifedf is only.oxie ^n^e Figure. 
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This Taile plainly Dicws (by InfpeSiion) any Pd«>i?r ^undfr 
the If«f A of ail lit Nine Figf^ei j and fiom thence may be 
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Chap. II. Of tXtVatitn^ mOOtjS, &c. 125 

Itakcn the nrateft Root of any Squtife^ dthy Eiquadrat^ Sec of 
■rw Mrm^iT whofe /f oof or Side is zfifigfe Pifure. 
• But if the Rwt confift of Iwo, TiJ^^^?, or more places of 
\Figur0f^ tb<»i it rnuftbe fouodby pieoe-inea], or F/jgf'^iv after FJf 
ligwrr, a( fbnoral Operations. 

The lSdr/i£^io9 of alliPootj, above the^^^ (%iz, of the 
Civ^<9 Bi(fHaira$^ Surfrlid^ Sec) hath heretofore been a very te^ 
oiMamtroublefoitteFieceof Woric: All which is now very mudi 
^fiiortiied, aad rendered £0^, as will appear farther on. 

When^ Mmker is pcopoled tobavt its Xp^t Sx^a&eit, tho 
firft Work is to jvepare it^ by Poinp fet over (or under) their 
pioper Figures ; according as the ^ven Pctrery whofe Socf is; 
fought d(Sh require ; And that's done by confidering ^^ Index ot 
the given P&mer^ which for the Square is ^ for the Cupe p for 
the Bi^uadrat is 4* &c. (as in the precedent Table J Then allow 
fi> floanf P1b£» ci Figures in the given Power ^ ion each ^^^ 
FJ^^ifV of ^Hfif^t 9siXB Index denotes I always beginning tbofe 
Points cntt the Place of l/«//y, and afceud towards the Left 
Band if die given Number be Integer ^^ and defiead towards the 
iPijfM H»(^ in Decimal Parts. As m dbefe following. 

^sluppde any given Nmier \ As 75^40387246 which I Soil 
a9 aloqg hereafter call the i?rfo/o^«^ 

Then if it be i^ fibred to JSxtraff any of the foBowine Xooti^ 
it moft be Jpcunted (according to the f bxe^mentioned Conlk&ratioh) 
in this Awner: * • . ^ . . 

Sfiore Mooi Thus 7564038724^ 



flkFortbe / 

M' 



( - , 

• • • 

Biguadrat Root 7564038724^ 



SurfolidRoof 7564038724-6 



Or fuppofe the JthmAer to be 0,674035982 

£ Square Root Thus 0^7403^9^20 
A '• • • • 

Then for the <CuieRoot 0,^4035983 

\ Biquadrat Root 0,674035982000 



Now the Rcafon of Pointiffg the given Refolt>end in this 
manner 5 viz. the allowing Iwo Figures in the Square ; rMr< 
Figures in the C»^<?, and Fo«r Figures in the Biquaarat, ftc. Foe 
one F;>«r^ in the /?oof j may bt oi^de evident leyend xv^ys ; bn( 

Ithu* 
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I think it's ea% conceived froim the Talkie of Ji^ Powers, 
wherein you may ohfenre that all the Powers of tbe Fiffere gt 
f which is but ^fing^e Figire) have the fmn^ Number of Fuces of 
Figures^ as the Index ot thofe Powers denotes :- Therefore fd^ 
many Places oF Figures muft be taken or affigncd for every fin^e:, 
Fig^e in ^e Root. Gmiequently by thde Points is known, 
how many Places of Figures there win be in the t(poty vix:. Sat 
Qiany Points as there are, fo many FV^rx there muftbe in^thej 
Jlooty and vhether diey muft be Integers <xt Decimal Parts^ iM 
eafily determined by the telpeaive ^hees of the Pointy i 

Se&. 2. 7p tlfttaa the fbtpxwt ItOOt 

And Firfl how to SxtraEl the Square Rooty according to tfe 
common /lii?//E^^i. 

Having fointed the given Hefohend into Periods of'Jkoa,.^ 
Figures as before direfted ; then by die Table of Powers (or 
oiherwife) find the greateft Square that is contained in the firfi 
Period towards the teft Hand (feting doWn its Roat^ like a ' 
Quotient Figure in Divijion) and SuhJiraS t\at Square ont'dP" 
the faid Period of the Refoivendi To the Remainder, brings 
down the next Period of Figure Sy for a iD/wV«^W, and^Joublc 
th^ Roo$ of the prft Square for t Divifir ; inquiring how oft it 
njay be had in tmt Dividend; fo as when the (?«/?f?^«f, F/j«r^* 
is annexed to the Divifor^ and that increased Dwijvr being 
Multiplied with the fame Quotient Figure, the ProduSl may 
be the gteatcQ Numl^er that can be taken out of that Dividend ; 
vfhich SuhJir^Sl from the faid Dividifudy and to the Remainder 
bring down the next Period of Figures^ for another -New- Df- 
tidend : Then fee how often the Laft increafed Diviforycan 
be had in the New Dividend (with the fan^ Caution as hefore^ 
viz.) So as that th^ Quottent F^ure hting Annexed to the Divi^ 
fpry and that incre^ed Divifor Multiplied widi^the fame Quofi^ 
ent Figure^ their rroduSi may be the greateft Number that can 
fee SulfiifaEied &om the New Dividend. ' {As before.) And fo 
proceed on from Period to Period (viz. from Point to Point) 
ill the very (aire manner, until all be finiflied. ^ 

An Example or Jk$o being well Otft^ved will render the Work 
of forming the New Diviforsy &c. more Plain and Enfy than 
can be expreffcd in a Multitude of Words. 

Example i. Let it be required to J^xtraS the ^uarfiRoot out 
of 57219^960721. This Rejolvend being prepared or pointed 
as before direSed, will fend * 

■' ' ' ' * '^ Thus, 



phap, I i. Df (gytyacting jKootje?, &c. 127 

Thus, 5721^9960721 (7564:59 the /fodf. 
49 :=:th6 grcatcft Square id 57^ 

U Di^for i45) 821 

5) 721=145X56 

K. Dfvifor 1506) 9699 

6 90363^x506 x;6 

^ Divifor 15124) 66396 

4 60496=15124X4 

!• Divifar 15x283) 590007 

3 453849= 151283 X»>v 

5. Dipifa" 1512869) 13615821 

9 13615821=1512869X9 

— nil I I I - if ■ 11.1. I I ■ ■ 

froof 756439X756/^39 = 572199960721 the Hefohend;, 
Sxamfk 2* Whatsthe Spare ^pot of 1850701,764025 ? 

\ Operatm 1850701,764025 (1360,405 
1 



23) 85 

3_ 69^ 

266> 1607 J Hence 1360,405 is the 

6 1596 \ RMt required. 



4;)^204) 1101,76 
4 1088 16 



^20805) 13604025 
5 13 604025 



• (0) 
.jfer. 3. What's the Square Root of 0,06076225 Dechnsl torts .* 

Operation OP6076225 (0,2465 Ac ifoo* requited. 
,04^ ,2X2 

,44) jao7 

4 176 ^ ^^•,2465X0,2465^= 

— — - " ■ " ■ Proof ^ 0,06076225 the 

5486. . 3I62 ^ '\ Rejolvend. ' 

>4925) 24625 

5 2462*^ ♦ 



128 



QLtit^l^ttitfi^ 



Fart 



Wbat is here done in Whole Ntmhersy Mix'fl Nmmbers 
toecimnlsj may alfo be done in Vulgar pra9ims i .if jroa 
Change the given FraBion into Decimals (As in S^S. S- ^. 680 

Examfle 4. Let it l3e required to Extraa the Square ifoi 

Then 0,64 (,8 /A^ Root rehired. 
M 

tn theie Pwr E^iomfUi the R^ffplvend hath been a ^ry^i 
Squurei and theferorte the J?oof hidi been £i»Aed widbouc 
Leaving any Remainder : fiut it very ofc^ happens diac 
Refolvend is not 4 twe F/f ttr/rfp Nuniker^ accordii^ to 
propofed Ptyuoer. That is, it's not zperfeS Sjuar^i Cnbe^ 
Biquadraiy 9cc» and then fometbing will Remain after the Ex* 
tradion hath been made throughout aO the Pah^tu Sudi Num*' 
ierssm eaSed S^tX) Numkers^ and theit i^pots can never be 
truly found, but will become ^ Continued Serges^ ad hffbntUM : 
If to the Remainder there be ftill Annexid Cypbemcxxxf&ng a^ 
the propofed Power leqinnss, viz. by Tx^as ift^ the Square ; T^ees 
in the Cuhe^ Fours in tht Biquadrat^ &c. And the Operations 
conrinued on as bdfore. 

Example 5. Suppofc it were required to Extraft the Spiore 
Root o£ 6968. 



Oferattwt 


6968 (83,47^ 
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66 %6 


16687) 
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124400 
116805^ 


166P44) 


759100 


4 


667776 


1669485) 


9132400 


b 5 


8347425 



166949c) 7849/5 6^* 

Then the /?aof of any St^d Nmker n^y be coiUhned on 
to what ExaBntfs you please, but cannot be truly found. 

In my Compendium of Algeira^ Chap. 9.; I have pcopoied 
another way ti ExtraSling the ^piare Rooty and there given 
Esa»iples of the Work \ which to avoid Proii^ is thai ; 

Havipg 



Having faiftted the given Mefolvm4^ and taken the great efi 
uare to vxt %rft PpiniTrom ir, as before. Then Divide the 
^emai/tJer of'ihc \v1\o\t Refolvendh^ 2 (that is, htilvaix) and 
oiftt it a-ncw, jf This I call a Nenv Vividtnd) Then make the 
'oot of the firfi Square a jDivifor, i^quiriffg how oft it may be 
round in the New Dividend to the next Figure foiward, rc- 
'trving that Figure under the npxt Poi^f for the half Square 
f* the Quotient Figure. Whi^h being found. Multiply the 
yivifar widi ir, addif^g to thgt Producjt the Tifns of the half 
uare if there b6 any ;. As In plain Ditifion. 
Then 4;!r«^x the Ifttdtient Figure to the lad Dhifar for a 
pKw Divifor, widi which proceed in all Refpe£is as widi the laft 
phi/or ; and fb on untU all be finiihed. 

Example 6. What's the ^are Root of 2990667969 
• • • • # 
Operation 2990667969 

— 2$ (^ 5 Tht firft Shgle Roof 

, ^) ^90667969 The Remainder to bfe Dizided hy ^ 

t?irftRoot%) 2453W8i,5 ^5^687 ^ . ., o 
+ 4 208==56X4 : + 1 the 5ja^^ of 4 wi. ' t^o. 

-|- 6 3258—56x5 : + 1 the $j«/ir<f of 6. 

hivljbr 546) "47539 

■^ o. 43712 —546x8 : + i the S^nre of 8« 

Cw/df '^68) 187784,5 

-+ 7 382784^5= 5468X7 • + T the Square of 7* 

(0) : 

Hence the JPoof is found to be 54687 As v:as required, 

AB th€ difficulty in this Metlbdd is orly the tine placing Q 
tht half Square o^ the Quotient Figure^ when it happens td be 
an Odd Number ; In that Cafe you muft bring down one Figure 
taore of the Dividend; viz. of the next Period; under which, 
place the odd 5 that will always arife from the half Square of an 
oddNumher : As 7 whofe Square is 49; the half of which is 24,5 
to be placed as in the laft Operation of this E\'ample, 

N.B.lFb^n ths Numbqr'(7/ Figures in the Root of avy Surd < 
Nuihbtr are limited; ' you need not proceed in Extrafting ths 
whole Root asiefore; hut only to One F^ute mortf than half ^ 
the defigned Number o/Figurcs ; for the reft jnay he oltatned by 
y W« Divifion 0.5/y. - 

S ^ Exampb 
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Example 7. Suppofe it weie reqaired to SxtraSt die SguarS^ 
Root of 7 (a Surd Number) to haye 12 places of ^igtres iaic. 

7 ^2,^45751 Firfl part of the if oof. 
4 

Remainder 3 . . , 

2) \^%asshalfthe Remaini^^ 

^- ,6 i,38=r2Xi6: + lthc53«^^ofo^=o,x8 



2,6; 



2,6457; 

4. ,0000s 



1200 
1048 

152000 

I 3 2125 

■I ^ < 
i987$oo 

185x745 



2,64575^ 

-f- /3000I 
2,645751 



13575500 

1^228625 

54687500 
26457^05 



Having tbus got 7 of die 12 Fr^^J fcqburcd ifl fbe je^f 
t^e reft may be eajily. fowtd by the (mtraSed vnqftlE Dhijisiif 



Thus 2,645751) 82299P5 
.... 7937253 



292742 

.2645 75 

28167 

2<J457 



C2,<4574iiMotf 



1710 
1097 

- , (n) 

Wence I find thi Soot of 7 to be 2,6457151106 i<r Ho^-. 
required. 

Thus you have 3tt» ways of ExtraStiftg the i^ijrff ifotff, 
<^e*of them b»; hzfraStifeiia eveiy one Ukes ben. 

S«ft. 



:hap. 1 1. Of eyttacttttg Bootg, Scc- 131 

Se^. 3. 7i C^ract tfae Cube Itoot "" 

The nfefbod that I Ihall here propofe for ExtraSlhg the Cube 
W adflutf of Two C^/t*/; both jwhichaee to be very well obfervcd 

Having feinted the yven Refolvend^ (as before dircaed) viz 
)to Pwo^^ of Three Figures -, Then feck a C»*^ iVifw^^r by 
ic Tbble of Powers (or othcrwife) that comesj the ncarcft to the 
^jrft Period of the Refolvend whethisr it be Greater or LeTs 
Tin Hat Period. , -^ 

I C/iy^ r. f f the <3^i^ Nmlfef fo taken, be Z>/i than the F/Vj? 
Perioifof ^ifihemty . . 

f C4// if < i?€io/ iUfo than Jlolt 

AndSKfyfr^SthatCi^ffioaithf /'!>>? Pwi)^ of the ^^^^ 

C^ 2. Bat if that C«i^ be grwcr than fte Firfi FmWof 
(oitRefolveni^ 

OH its Root 9a»t firm Soft. 

And SutJlraSf the Refolvend bora that CttJ^^f , Annexing O/fbersi 

to it, diat ib Sutfir(fSion may be m;^e« 
f To die firfi i^^of , whcth^ it be Lef^ or More t(ian J^i^/f , -^»«^;v 
fi) Tsaaaj Cyphers as there 9re remaining Points over the whoJQ 
ifmiers of the Re^piJvend, and MuHif^ it with 3 ; Then make 
that Prodtt&z Divifiri by which you mull ^'tiot the Diffi^reiu^ 
between the Refehend and the Ibr<efii4 0^^^) dien will that Qm- 
tien$ be the Refolvend hefre^dio a SqHOKe; and therefore if 
moft he pointed ^$ fucb • i^^- into Periods. ot Ikjoo Figures each. 
Tbtt being done, make the Firj^ I^o^f CnJItboMC thefe Cypher i that 
yw Aanejc'd to it^ a Diviforj inouiriH^ how oft it may tie fou:.d 
in the Ffrft Periodot the Nino 9ffolvend (as befoie in Extra^vig 
^ifuareRoot) with this Confideratton) that if dw Root (now a 
Oivifor) be Lefs than J^ufiy as in Cafe i. you muft Annex the Quot* 
tienf Figure to it, and then AfuUtplythe Root fo inp^eafedj into 
Ae (aid Quotient FVgure ; Setting dtown the Un^ts place of their Pro- 
c/Ie^ under tht Pointed Figure of that Period^ SuhftraEUng it, as in 
Divijton. An4 C) on from one Period tp another. As before. 

But if the fii4 Hoof ^iiow a Diri/irJ^bc ^o*'^ than j^uft, as ii^ 
Ctf/^ 2. Then you muft SBtJ^/26? the Qteotiffnt Fibres from i 
fi^iw Annex dy or fuppofea to be Annexed t^ the laid Divifor 5 
multiplwg the J^o/ fo Dec^eafed into the Quotient Figure ; 
f^ttii^ dowii their rroduSi. as befote,/6jk^ JVn &cample or Twa 
^C^ w^ r^pd^ the WoskP/fti«and jSij^ 
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What's the Cuhe Root of ^I4656:ji8:{ the pven Xtrfoheird^ to 

be pointed thus 146363 183 (me firjl Robtj JJfsiSns^Juft 

1 25sbme neateft Cuhe to 1 46 

500X3=1500) 21363183 (14242,12 liew HffalveiH 

Firft i?6of 5) 14242,^.(527 the J?d«# required 

4- 2 J04 f ^. .'• .^■' 

1 Divifor 52) 3842 

H;; 7 368? 

2 Divifor 527 (i 5 3) th^ Uprunndir to be rrieOe^^ 
Here the /foof 527 is the true Upot at ti^ firft C^maiom^ 

may be t'^^yf tried by Involving it. 

That is 527 X 527X537== 146363 18 v*c given l(dWw«flR 
But if it had not been the true Root; Then everf Qiingtha 
hath been h6re ^one muft hav^ been- repeated ; Onlyinjtead ci 



the firft fingle Root (ifiz. 5) you muft have taken mdfkcremfk 
Root (viz. ^27) and this I caU a ^ewd Operation; Whid 
would Increafe the Laft Hoot to Nike [daces of Figures ; «iz» 
tvetyOferation Triples the Nuniber of [daoes in the /^/f j^oof ; 
As will appear further on. 

N. B. It often happens that Four^. tr fometimes Fii>ePl/ues 
of Figures may he taken into the Root: Efpecially when the Se* 
condrlace proves to he a Cypher. That isy when the FirfiCut^ 
€omes very near to the Firft Period of the Kdt^ad^^ /' \ 

* Example 2. "*'.'- 

What's the Cule Hpot of 67507&24239 ( 400O Upof Zefs 
Firft neareft Cut e=6^ (thznTivJ^ 

^oa/ 4000x3=12000 ) 3507824239 ( ap23 18,68 
4 ) . . . . 

292318,68 ( 4071,8 




5 Divifor 

iPoor 2=4071,8 

In this Example I have taken Fii^^ Fifff^es into the J?#of^ 
Bcouile riic Second place proved to be a Cypher. Anfl in tbrffc 
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ttmummifiitti 

Tmvlm TTi 




Five ^'Bctefs is not an Unit in the Zaft Place ; for if there 
ypte. aaiHiSecMtf Ofefait^fi,iaxi i^oof would be 4071,78 8^. 
•A'kli»yb6«% tried, % 

,. ...) ■>-••• :^<m^le ^. 

'". Let it be leqmted to Extr'aii the Cuhe Root out of tKs 

tJuniberi .' • • • • /^ • ' * • 

Tiz. 976?79^2«?8p073?6o2796302<^88po ^ 
Ti&tf »^<ir<r/f Cjrf* to grj6 is looo w/&^ Root tt lO *«»^ More 
than Jnft - .'i. ••••••-•• 

ItsCw^^jis I(XX)0000060000000O0O0CX3O000000O 

+ 976<i796o2^907S96o2796 yn9lSB90i SiM^ohetuf 

Remains 23620597010^2^39720369701x10 

Thet'irft/f<»oMooQO«300oooX3=300oooooooa die Dhipir 
Jbeit 30000000000 > 23620397050926039720369701110 (* 

■ ': ~ » . . QOpOOOOOOO 

10 ) ^8734656703086799Q= >M«>;il(f/ofo, 
00 . • • • • (007922 

787? 

92246 Fiift iP«»*=!ioopoooocoo 
— 067929 

" 9^29759*^, 



5. Dhifor 992071 arc. 

At this jRWf Oferaion I take but 99207 «o which I Anne? 5 
Otpbertiat^t^iminingPoiflts, viz. 992O700000 which beyig 
^Ived'to the TMrd PM or Cj^M f« » 5f^o«^ OferaitoH, 
' wiH be 976398l'56022743O0obooo00Oo6ooo 

■^ »76^796029896739'S02796302988y^ ^/<'^y^y 

t^emalns l8553O??6690397203<597oi"O. _. .-_ 

The'Laft Jfeo/ 9920700000X3=29762100000 theftemDivHor 
Then 29762100W; i85S3O53669O397203697Oi£io_<* 

* 623377841921091,1116 Quotiettt or New R.ef0hend. 

Laft HMf '99205 being ^o;-^ than Juft,thttt(oxii the new 
e»6«Vannilft be ^hfira^d,^ as in the i^yi Opfl'rtf »o«. 
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SMi^JiuiUUX^ 



JKSf 



Tbw 

— 6 

Vivifor pp206^) 

■ ■ — z 

Dim/or 9p2Q67J^ 

— a 



28159441 
1984x276 



(*} 99206372 



— 3 



992065717 
— ^ 

f920637"S4^ 

^20^371636 

— f S 

?9206:}7i63,5S 

Laft Root 9920700000 



62ii7fiAl 921091 (6a^6y^% , 

5952384 I N0C£|« ffol 

tbe Fifties 
en this * pde 
tbe line and 
all the n£fp 
DiviforB 4^ 
ler the {*> 
iire vf^iefsf 
and migjbt 
have he^n a^ 
miied. 



8298x6592 
7936^0^76 

:}6i656 1610 
297619 1 151 



64037 045991 
59523 823984 



4512 22300700 
3968 25486544 

544968141560b 
496P?x858i775 



ftc. 



■^ 62826^ &c. 



9920627x62^5 die ]ipof required. 
ThusIhavcoteunedtfaeCi^^^^tto^ 
piz. 9920637163,^5 at Tw0Oferath»s ; beii^ but an C/ivtt too 
muchintheZtf/^/'/^^of it, asmavbetrjed bjinvolving it roa 
(f<^^9 and comparing that Cube wim the given Xefilpendl 
' hiiitfmtvasxvnctthtCukellootialDecim^ 
FraSihns, bdnf^GxStcbaffg^d'wtoDfiei^SfmaLy be JBbcfraSed. 



la ^xtraSlhg the Bifuadrat Sooty or th^t of tbe Foucfil 
P^Wfi^r ; (and indeed the Epots of all W^n Penmrs) iher^ w 
fomc fmall Dij^ultusj not fo caffly Exfref/dzadi Jffffl^md ix 
a few Words,^ they are by an Algehrauk Theorem (fuch as fliato 
be (hewed Further on) I have therefore in this place made eif^t 
t^ EKtraShp^Exii Keo^s hf Tvt» (ew^ Ef(ir4SiieMii Aiid Ikt 
rather, becaoSe I trepume the Read^ by this rime thorou^l^. 
acquainted ivith tne Bulinefi of ^x^aSth^ the SfUOK^ J^^% ^ 
which this may eafily be performed. Thus ; 

Pirft Eiefra& the Square ifpof 0^ tbe vtopofei RMvend^ 
Then the Square ^ffff of dm %^ jS,^ wiU t^ tbe glau^rae^ 
Moof recj^uired* * ' * .:•... j^amfl^ 
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BxampU t. What's die Bquadria JKodt <£ 4657532416 ? 
i Wirfl BxtraS its Sfoare Itoot, 

• • « • • 

Thus ■ 4857^32416 • 

•^ $6==megrea teft^«Mfg,whole Ji!'tfofh6. 

1257532416 i?#flMJ2M^«r tobe Dlt»<M Iqr 2. 

Piift i?«0t 6 ) 628766208 f 6p6p6 
-V Jf 5805 





668620 
626805 

6969 41815^ 

418158 



(0) 

r-* 4 

2P696 SmahdertolK DhkMbf2. 

Piift i?ddf 2) i484ift (264 tbe Si^tuO^a J(Mas was lequir'd; 
+ 6 138 

26) IQ48 
4 1048 

264 (0) 

Thb ifl fo Eot I need aoi;«/^ any more humpies. 

Sed. 5. To ^rtcatf tht $l»itrfoltD jRoot 

Having foltaed the given ReMvend according ^ to /«^x 
iewAes ; ttfz. into Periods of ]PW Figures \ Seeking fudi at 
Strjfolid Number m tht TMeo{ as comes 

die neareft to die Pirft Period of the Refdvend^ whedier Greater 
or Lefs^ and call its refpedive Roai accordin^y; ifiz. Mmre 
tsatkjubi Or tjsfs than JM; Afsnenin^ fo many Cyphers to 
it, as there are remaining^ Periods of whole NunAers in the 
Rep^end.. Mhe&mmEMiraSiihg^Cule Ro^ 

ThtnBndAii^I>i&re?tcehetwemtl»RM ^ 

Number £> taken, oy ftdfiraSH^ die £^/pr form d^ Greater j 
(asbifore in die Cir»^> N^xc tmdthe c;«^^ of the afbiefaid 

SurfoHd 



i5<5 



^TnrfMTrrrirfS; 



Partt 



Surfolid Root with iu Annexed jCypbers^ (vA)kii you may alio do 
fey the liii^e of F<mers) an3 M«^;//y tjiat C»Jf wicl^. 5 d]|i| 
/«</^jtf of the SurfoUd^ the ProduEt niuft be, a Divijorj by which 
the Difference between the Refohend aod the Surfoltd Nmtet 
mod be Divided; that.fo k may be defrejpd to a Square (as 
before in dieCat^^ which muftoc pointed into Periods of 3%io 
Figures cacih, calling it the New RMvend^ (z& before). Then 
make the Firft Root^ without it? Cyphers, a DivifoTj ^^9^^^'% 
how ofi it may be foond in the Ftrft Period odtn^ New Refold 
tend J with this Consideration^ if the Root (now a Divifor) be 
J>/i than ^»/?, you muft Annex Twice the Quotient Fiffcre to 
it; but if It be More th^n J^«/?, yoa muft SuhJIraS Twice the 
fiuotient Figure from a Cypher either Annexed,, or fuppos'd to 
be Annexed to that Divifor or iPoof , Multiplying it fo Incre/ifed 
or Diminijhedj with the ikid Quotieftt F/^«r^, letting down their 
trrJuSij &c. as before. An Exdmple in each Q/f wli render it 
plain and eaiy. 

Example i. Suppofe it fee required to ExtraSi the Surfclii 
4iro^oatof^thls NuMer I230p50200957$« 

• • • 

1 2309502009575 The Refqlvend Pointed. 
The ncareft Swr/W/rf mmher to 1250, the Firft Pmodf of dw 
Mejolv^nd^ is 1624, whoft ^pof is 4 bemg i>yS than J^i^. 

• . . ■• 
Therefore 12309502009375 
- ^024 

':;^feo69502009375 iSmx Diffefenced 
Next the Gr^^ of 400 is 6400QOOO , per Tabtey 8au 
And 64060000 X ^:t=32000o6oo the Divifor. 
Then 320(300000^ 2069502009375 ( 6497 ^ri 

Firft Rddt 4 Jf 6467* C 15 

^ ^ ^^~^ \,4^ Firji Root—400 



tivifor . , 42 . 2267 



^15 



^l- 5 X 2 = 10 2150 thetrueJPoof 4i5asr^j/<iW, 

That is 415 is the Surfolid Root of the given Refohend. M 
may be eafiiy med by involving it to the Fifth Power. 

^,^)- J*5><4^5X4X5X4J$X4i5-^ 



l::hap>ii. Of ^gjrtgactfogltootg^ &c tjj 

. ■ - > . . . ^ . . , .» • 

Examfle 2. Whurt th« SurjbUdliaoto^ 25278^4559875 
The near^fi SurfolidNumbtfr to 232 is 245 tvhofeiPoof is 5 
being i^or^ thin 7^. 

Therefore sjjooooocx^ooo 
1 ^ ~" 2427S54559673 ^ 

; Renuun^ 102165440I27 Tot b, Dividend. 

I The Giirfoof 500 is 27000000 And 270OC>QOO>($:=: 155000000 
; Then 135000000^ 102165440127 (j'ySyjtio Nevf Refefvend. 

Firji Hoot 300; 75*6,7810 (2,558 
—20X2= 4 5P2 

I. Divrfof 296 ) 164,78 

— ,5 X 2 = 1,0 147,50 . . 



2.Divifor 2p^fi) I7,28iC> 

— P5X2 =s= ,10 . 14,7450 

294,90) 2,55600 8f. 
The Firft Hoot was 300, . being More cbaa yufi. 
Therefore it is — 0^^5*j8 . " , 

, The New Rooty 297^142 Arid is very near the true 

Root, which is 297,4566^. . Now the Reafon why 

this Rc^f comes out to io many places qf Figures at the Firft 
(AerMtim $ ii becstfift the FkftSurfSid Nutkhervm fo near the 
Refohendy &e. As bkore 

Seft. (5. 9^ ^irlncr tj&e lt€« ^f r^ fbqttare CtibcD. 

This may be eafily performed by fnm ExtrdSliOTzs, accdrcfiiig 
as its Name denotes. 

Thus, Firfl ExtraSH the Sqmre Root of jthe given Refidve^ ; 
then ExiraB the Cube Root of that Square Root : And it; will 
be tfic Rixof Required. That is, it will be the R^ot of <he Si^r^^Si 
PoTQer. ^ 

. Or thus, Firft ExtraH the' C«J? /foot of tht Rejolvend ; then 
£4ffr4fiF the Cube Root of that (Tk*^ Root : And it will be the 
koot Required. 

Example 1. Let it be Required to $xtra€i the Square Cubed 
Hootovit 6{ this.'Nuniber 1452205373531^625 the K^fohend. 

Pirfl I ExtraSl' the S^«i«r^ Root of this RefoJv^ndj which I 
take to be the beft and eafteft way. 
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Thus . . 






145226537353515625 




Remains 55220537353515625 To be halved. 


Then 3 )^ 27610268676757812,5 
+ 8 272 


( 381078125 


38 ) 4102 
4- 10 3805 




fc 


3810 ) 2976S67 
+ "7 2667245 




, 


38107 ) 3096226 
4- 8 3048592 






381078 ; , 47634757 
+ I 38167805 






3810781 ) 9526952S 

: -r 2 76215622 




38107812 ) 1905390612,5 
-*" .5 ^1905390612,5 





381078125 (0) 

tizsm% found the Square Roti of the given Refotvend^ Iptt>l 
ceed to Extraa the Cube Root of that S.quare Root. 

_-^ * • • 

, That is, of 381078125 

' ^ 343 r= the ne ateft CuiCf its Root is 700 

Then 700 X 3^100 ) 38078125 ) i8i6i 

Firft Root 7 ) 18161 ( 25 
+ 2 144 

t.'Dhifor 72 ) 376*1 Firft iPoof 700 

111 -!£!! + 25 

. a. Diw/o*- 725 C136) 725 

Hence I fcid 725 to be the Square Cube Root requited} « 
may cafily be tried by Involving it to the Sixth Power. 

That is, 725X735X725X725X725X725 Witt be fooni 
■■145220537353515725 the given iff/oW<i^ 

itSu. 
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Sea. 7. To tVttitt the Xoot of the Seventh JBotDer. 

Having pointed At given ^efohend^ as its /«rf^jr Denotes^ vizi, 
inlo Periods of Seven Figure s^ feck but fuch a Number of the 
Zeventh Ptmety by the r^fe of Powers^ as oomes nearcft to 
tbt^Firft Period of the ReMverd • whether it be Greater or 
•, calling its refpeffihre am# /fcfor^ than J^«/f , or i>/> than 
^ ^ ^ Annexing its proper Number of Cypher s^ &(i; As in the 
Cir^^ and Surfolid. 

Then find the Difference between the given Refolvend^ and 
that Number of the Seventh Power ("found by the JJi>/i? of Powers) 
by ^utjiraEling the Z^^^ from the Greater. 

Next find the Surfolidot Fifth Power of that iP^f with its 
Annexed Cyphers (whioh you may aUb do by the 2/t^/^ df 
Powers) anil Multiply that Surfolid Number with 7, the 7;/^^;^ 
(f the given XeRJvend^ that ProduSl muA be a Divifor^ by 
which me for^d Differ eki^e muft be Divided; that (b it may 
be Depreffei to a Square^ \o htPointedy &c. as before in the 
G*^, &c then make the i^/Vyf i?oof, without its Cyphers j a 
Divifor; working with it^ ahd the New Hefohendfzs before^ 
only here you muft Increafe^ or Dimivijh the Divifor with Thrice 
^Ciuotient Figure. 

Example. 

What's iSat Second Surfolid Kpot^ or that of the Seventh Power. 

• • • 

of 37?256$559$^078i25 the Refolvend pointed* 
— • 2178 fiS^ nearep of the Seventh Power. » 

3:554365539550781 25 their Difference. 

The FjVT? iPoof is 300 being Lefs than Jufij And the FV>/&. 
Pmo^ of 300 is 2430000000000 which being Multiplied with 
7 is 17010000000000 for a Div^oTy by which the afore&id. 
Difference muft be Divided ; whiph Contrasted taz^ ftanc^ thus, 
J70O 15543655^9137,950^' 
• • 

Fir ft Root 3 J 9i3!7 Ca-J 

■■ -4- 25 

I hhivifor 36 1937 „ 

I 4- 5X 3= '5 '875 True Spot ^2% 

RWiwfor m (62)thel{«»flMfd!?i»toberqeaedasbefoie. , 
~ *. ' ' X 2 Hence 
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Hence I have found ^525 to be the True i?o^t required, that 
is, the True Hoot of dae Seventh Power. 

I think it needlefs to pro<ieed farther ; r?z# to infert Exnmples 
of broker Powers. For if what is already done be well uodccftood, 
it wUi be Eafy to conceive how to proceed in B^traclmg the 
^oot of any Si^g/e Power how bigbCotvet it be (for the Method 
is General and alike in all Powers) due regani being had to 
fheir Indices j and to the Firjt ^ngle Side 01 ^^oT. That is, 
whether it be RJorej or Lffsth^injfufij &c. 

Yet methinksl hear the young Learner &jy ^ Poffble txi, 
follow the LireBioms and Esamfksy as they are b^e lakt dosmi ; 
%\\t OiU here is not ti^ Reafos^ v^y they are ioj and % 
ferformed ; Ajid why th«re Ihould be a ifmaindex Left af tci^ 
^tT%ue Root is foiuid; t;/v wh^atbe given M^f0lven4 badi 
zjrue JUpot of its kind. 

'Tiis true, the Reafom <A t^le ar^ not here laid down ; mitker 
indeed c^n they bie t^ndred jR> pli^n ^ u^^effi^ible by Words^ aa^ 
ly an Alg/ehraick Ptoeefs^^ from whence ^ ^^dr^niks or i;«fejt 
here given, had their firfi In^eiition ; as ifaall be iliew%d in die 
ne}(t Bart, whien I cosie to treat ot* Stefotvhg C^foufufed or 
JdfeSied jS^atio^; however, take this Oiort s^>d general 
AcmnpioS ihi&Metbod. 

This, and all other of the new Methods of Comvsrgimg Series . 
(as they are called) are very different from the former (and ftiff 
common) Methods oi l^traSmgRootSy which, requires thei<V>/| 
Jv/gleSide 01 Root (X tht Firfi Period (in Wj l^fjpivend) to be 
taken exaSIly True^ and then by Involvingy and other Tedious 
Ways of ordering it, there is forgaed 2( t)fvifcr; whidi hdi» 
to ^^o/tf out by Ir;V7/;y a Second Figure in tlitt A^^. And fo 
proceeds on from Fo?>?f to f oi«f ; ftill repeating the whole Work 
for every Jt^^gle Figure that comes into the ^oot. And if by 
Chance there be a Miflake or Ef'ror committed in aijy one. Figfire 
' (a^ *tis pofliible there may) it fpoib the whole Pro^ef^y wBich 
muft then be wholly begun anew^ or a€ l^afi from that Fart 
cf it where the Enor fir ft entered. 

' But the Nature ^vABefgn of the Method which 1 have heic 
Laid down is quite otherwife ; it being fo contri^ed^ as to 
gradually Lejfon the Difference betwixt any propofed Power^ 
and the like Power of another Number aflumed j viz. ifi Leffens 
tliat Difference until it"s either ^«^/r^ Vdnquijhedy oi be<X)me fo' 
Infinitely fmall as to be Infgnjficant. ' . * 

^Therefore when any Number is propofed to have ite i?off| • 
E^traSied ; it is here required to take the next ne&r»ft Rooi 
of the ^r/i Period in the S^folvend\ that fo the Dimrence^ 

» eettvijti: 
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betwixt, the giycn Refolvend^ and theHtmK^enealP&wer fviz,, 
: the /i># Power) of the Upot thus taken, may be Lefs cichcf 
in Efftcefsy Of />^r£F. Which Difference being I(edueed^ of * 
T^freged hymr^ bjecomes fo prepared, that by plain Divifton 
fcemfaratively) there will arife fuch Quotient Figures as will 
Doch CofneS iid Jnereafe the F/>^ lioot to T/Er^^ f //ir^j of 
Fibres U kafiy fometimes to Four^ or Five f laces of Fiptres ; 
L aoc^cdir^as the £ud Birft Difference happens to be More Or Lefs ; 
I (of which you may have oUerred Uiflances) ; But yer there; 
; iN^ be a Rewtainder left, and fethafs an 'Ekcejs or jyefeSt iq 
tlM R9<^ fo hinafed^ viz. in the £/i/i Fifftreoiiu 

Nowtor^£i//y the faid £v^if/i or Z)/^S in the jtoof, and^ 

\ to difcover whether the given £^efclvend be a true Figurate 

HunAeTy or not : That is, Whether it have a True Jfpot of its 

kind; it will be neceffary to make a Second Operation; 1^ 

taking the 1^0^^ fo Increafedj itavi prctetdifi^ with it and the 

g^en Kefdvendy ia aU lefpeOa as in the firfl Work (like to the 

-Tl^ Mucnntfe of ^xtraSihg the Cute R00I) 1 &y, if th# 

g»9a't^olwndlo»vt a T^'S^ i^Pirt^it wiU; appear atchb Second^ 

Oferatiofiy and aU the a^xrefaia I^ffereneesy Sic, w^Hie j^^i^^* 

gnifif'd; Provided the j^(7<tf required is not to have more i^an 

Three (or i'bwr) places of Figures in it. v > 

But if die Root be to have more than Three Figures in it ; br, 

,^ that the pvmlUfohend prove to be a 5«r</ Number. Then 

; thete wiU be a uifferekce as befc^c ; which will afford Quotient 

j Fiffires to Reflity and Incrcafe the i^oof laft taken, to Three 

' times as many places oi Figures^ as it had at the Beginning of 

I Aat Second Of eration. As you may fee in /the afore&id 

I Example ^, of tht Cube ^ot ; wherein that I{pot is increafed to 

Twdve places of Figures at Two Operations ; which if it were to 

be ExtraSed the Old (and flill Common) way, it would require 

: at leaft Fom times the Number of Figures I have here ufed, ' 

^Ajjain, u fhere chance to be a RfiffaKe committed in any . 
Operation performed by the Method here laid down, that Miftake. ' 
will not deftroy the precedent Work, but will be Reftified in 
the next Operation, although it were not difcovered before. And 
i;hus you may proceed onto sl Third Operation, which will afford 
27 places of Figures in the Upoty &c. ^vith very little Trouble, 
if compared with former Afef^o<://k ^ 

The brief Account, which I have here given (by way of 
Explaining the Nature of this Method of ExtraSii??g {(pots) be- 
ing w^ confidered and compared with the leveral Operations of. 
the foregoing Examples^ inuft needs help the learner to f:)rm 
fuch ajn Idea of it, that he cannot (I -perfume) but underftand 
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how to proceed in BxtraiHn^ the ^t oul cf any Si^e Po/mer^ 
how hi^ foever it be; without the Hdp of an Al^ehraick 
Theorem. Not^l^ when that comes to be once underftood 
the WodcwiQ be mudi readier and eafier peifonn'd : As 
appear in the Ttext Fart. 

I did intend to have here inferted the whole Bufinefs 
Intereftzni Annuities ^hiA finding that it would require too 
large a Difcourfe^ to ihew the Grounds and i^eafons of the feveral^ 
Theorems upftdthadn, I have thetef(»re rderved diat Wc^k £>ri 
the Qofe of the next Part. Neither indeed can the Raifing dP 
thofe Theorems be fo well delivered in Woirds^ as by ad Algehraiek 
way of Arguing; which renders them not onl^ tamch Jhorter^ 
but alio plainer and eajit;r to be underdood. 

I have alfo Omitted ilat Hule in Aritbmetickj u&siBy called 
the Jfjile of Pofitionj or Rule of Felfe : Becaulc all fiich 
Queftionsy as can be Anfwered by that Queffing Ifjde^ are mnch 
better done by any one who hath but a very finall finattering of 
Algehra. I fhall therefore conclude this Part of Numerical 
Arithmetick ; and proceed to that dE Algehraick Aritbmetickj 
wherein I would adi^e the young Learner not to be too hafiy iii 
pa0uig from one Ujfie to aagther, and then he will find it verp^ 
fafily to be attained. 
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PRO EM. 

HAyingfcrmarly wrote a pnaU'trdSI ef Xlgebra, perhaps, 
it may Teem (to fome ) very improper to ^rrite agai?i 
upon the famefuhjeR ; hut onlj (as the ufual Cuftom is) 
to have referred my Reader to that UraB. However, hecaufe the 
following Parts of this Treatife are managed ty an Algehraick 
• Methoaof Arguing^whtch may fail into the Hands of thofe 
who have not feen that TraSlj or any other of that Kind ; / 
thought it convenient to accommodate the Young Geometer with 
the Pirfi Element s^ or Principal Rules ^ ly which all Operations 
in this Art an performed ^ that fo he may not he at a Lofs as 
he proceeds farther on : Bepdesy what 1 formerly wrote was only 
a Compendium of that which is here fully handled at large. 

The Principal Rules are 3DWIon» &ubftta(t(on> ^ttltipttcatfon, 
XXMfian, JIntiolutlon, and onolutiom as in common ;3rltfnneticli 
but diffinrently peiformM; and therefore fome call it Jlllsebl^fClt 
Jbidmietlch* CTchers call it IDrittmiCtfcft In &ptclff>^ becaufe all 
the Qiidntities concerned in any Hjfe/lidn^ remain in their Suh-^ 
fiituted tetters (howfoever mana^ by Addition^ SubftraElion^ 
or MultipUcatianj &c.) without btinigcleftriiyed or changed into 
odiers, as Figures in common Arithmetick are. 

Mr. Harriot called it IfOStfltfill S^pnfoCfti ot specious ComJ 
putationt 



^MM^ari tf l I ■■ I n i III 'Hi ll t^ii— ■*■— i— — — 

H4 arttj^ettcfty P^^tL 



"CHAP. L 
tmceming the ^rt^itt 0/ iPtotttis down ^USttttttrSs ^»i 

Sea: I. 0/ ipotatmn. * ,- 

rpHE Method c£ Nof/ngiovm letters (ox Cluanfifies^ h 
I various y according to every one*s Fancy; But I fliall hccc 
follow the lame a» in «mx former TraR .v And rehrefen$ the (Jjz^mt- 
fi/jf fought (be k t^ni or Numhtr^ Sc.) bjr ihc finall (/i,^ and if 
more Qt^nUtustkliin C^ vtfp^i^tyfefrtffimt tjiem by the other 
fmall Vowels J e. «. or jr. ^ ^ 

The given Quant itm arc refrefentedhj the /w^// Confcnanfs^ 
hc.d.f.g.f^c. 

And for DifiinElion fake, w/rr^ the Poz*^^ ,0r E«^& of Li;?^^ 
in all Schi^meSy with the Capital or Great Letter s^ viz. A. & 

When any Quantity f either given or fought) is taken more than 
0»ce^ you rauft f r^^* its Nfimher to it ; As 54 flands for a taken 
Tbree times j or Tibr^^ //Wi a, zndjhQzadsfotfeven times *, &c. 

AlliV«/w*^r^tbusJ>r^^xlto any Quaatityy arc called CoeB'' 
eients or Fellow-FaStors ; becaofe they Muliify the <jiuaHtitj) 
And if any Quantity be without a Coej^denfy it is always fijiv- 
pos'd or underflood to have an IZ^f f pretix*d taic; As a is' i^, 
Qt ^ is i^, &c« 

The Si&is by which Quantities arc ^ W^ naosagtd^ are the 
fime; ana have the fame ZignifUation^ with thofe in the Fib^ 
/'^rf, fage 5. which liberc prdTume liie I(fader to be very wefl 
acquainted witk To them ma& be here Added thefe Three more • 

Vsz^< IKM >tbe 55^« of ^ &jaluiion^ cr ExtfaSlhfg JUp&ts. 
Cs^*y f irrationality^ or Sti^n tfa Sard Root. 

All SjumtHies ibas arc eiprd» d by NuwAers ddy fas in ^/« 
jptr Ariibmetick ) arc called Aifoltfte Nstmbers^^ 

Thofe Quantities that are refrefented by /^^^/^ Letter s^ iai 
a. K r. (/• ace. or by fereral tefteri that are inuncdiaedy joined 
together ; As /il^. f^. or 7W, ftc arc called StTnple or SrV^i^ whofe 
((uantities. 

But vriien different Quantities teprdented by deferent lOt 
tinlikc Letter Sy arc conneSfed togedlerby'theS/rw f-i-or --),• 
As ii^-*, 4—*, or 4*— /f, ace. they arc caHcd ComftmndwSole 
^a^ttitbs. 

- And 



AnAMkmjfiuaufiiies are Exfrgfid or &C down XiKAVvJgat 
Fraainns, Thus ^ Or ^ Or^^ &c. 

rhey zrc csSied Fraahnd or hroken QuafiU'ties. . 

The Sign wl^f;mtfx^(^»^f?*i>jareX5?««^ff^^, aUvs^ys b£long$ 
to that Q«iZ«//Vjf which immediatd^ And therefore all 

the CiUantitii^ tliXf^rnd-Xx^.:^ GLuefii^n^ may .ftaud in aoy or- 
der at Pkafurey viz." ftie moft cohvciiient for the mxi 0ferati9n. 
As d-^h^d may Hand thus h^d^a. Or thus ^a-^-d^h 
Or— <il4.4 4. J &c. thefc being ftill the fame, tho* difiereatly placed. 

That Q^antitjf udhiqh hath jio Si^ Wore it ^ as .Generally the 
/>/«//>^^»4»tffy?iathnot} is al^vays undcrftood to have the Sij^a 4- 
before ir. As /i is + ^ Or ^ - rfis + i—i^^&c. fot the Stg^ + is 
^Aj^rmative Si^^j apd thereforeall Leading or Po^ilvtf Qfian^ 
^Hfis >re tiiicterftpoi 1J3 haVc it, as well as thofe that arc to be AddeA 
' But »ilie S^'sf t— ]^>e&ig the Neptive Sign^ or iS^« of hefeB^ 
'•^eis i^(3i^eceffity^ ^^»jf Aff^^ it before that %uani\t^ to whildi 
it belongs, wbere*ever the fiunntiiy ftands. 

I ■ ^ ■ ' ' ' ■'. 

* ' *ttte« t» an ^uatwn* ^ 

r J Ti^p:\i(^bpd.^^r4f^ the.Sff/^i, iQfi(diu>btingi(lg the ^2^/2;^- 
iiiies concerned in any Quefi^nxo^i^Mqikaitmy .is beft p^form'd 

.ARA«*^^^^>*ef6^ with J^^i^^ a»^ Sjgf;^ pla* 

cca in the Margin of the Work, accordiug^ftfe the fwc«al<3/tf y^^io^i 

• Fot Inftancet If it be required tO; fct down; and Rtfgffier tie 

I +-2 



A ' Pirfl fet down the ptopofed Q^m^my ^<dnd i^ 
%b p^rtagai^ft \the i/?^^.u ^. in rthp j?*^{^ ^o- 

lufim^ (which are here called Sfi'/'iJ and ^^pioft. 3 

/2-f-* (the Third SUf) fet down their JSum^ viz. a f ^. 



lol^bchjMaiiill that Ip/nrd dStep^Jkt dami 14-2 i" ihciS&tg'/^; 
.<«(hidir&aioties that the Ci3iuinmi^.:sstg?i^tYi^iFirfi afid Secmd 
r&^4are added together, susl that thio'fe in due Third Step- a]re 

To IlhtfirMe\i!im in Numbers ^ fuj^jofe ^rrp .and Yi=2a5, 
tTbcn*it.ii*ill be, 

L^-alaU-^- *:^9"^^=^iS heing the Sfe;« of p and 6. . 

*— ■— i— — ^ ■ ■ ■■ • « 

U Agaii, 



M<5 aisd)^ . IRLit 

i^ain. If it wete icqoiied to Setdoim itm Differtnct of 
lame Two Qiumtities ; Tbea it will be^ 

Thiis|itf = p 





/x*-/^;t=p~6-:}tfae Di£ betwMi ^ Sod.tf* 



Or if it were required to fct down their PrddaS. 
Then itwillbc, 

Thuslljilrrp 

2 ^ = 6 

ix2 3|gx^ otakzzg%6=^^ the Prod, of p into d# 



^^}^^}f^tjfUers fei ^ jojued immediately iogetber {}ih ^ 

Word) fig'iffy tb^Reetsu^glcor Ftodu&qftbofe Quantities f bey 

. Eeprefent. M in the Laft Example, wk^eim 4ib=3^± i^ $& 

'J • 

- - ^jrioiw. 

' t. If £W QfiMities be ^i</^rf to Saa/ QuofriHtes, tile 

2. U Equal.Q.umtitiesht Taken ftom Mqual^tuuiHieA tbc 
Quanttties Revuttmng will be f*^^. 

^. If Eat^ Qualities ht Multiplied vn&x Emal QmHififu 
. their PfoduBs vnUi be f^wa/. i "^. 

4. lf£^/»/ Sju^ities be Dhidtd hj Equal QtumHiet, 

■ uxuQttottentsvnAht e^al: . ' 

•;. Jhofe Quaittities, that are Equal to <m itO. di« «amc' 

• Thinly 9xt e^ta oat amtber. . ' -^ 

Note, I tulwfflbeUmxtlogntbefe five fcaomferfeaii 
cy His art t "^ 



ITiefc Thmgi bang pi»emifed, and a perfcfi Knowledge of 

lheS^«^and ±m Sis^ificatioftt being gained, the Young >^/g^. 

*r/^(/? may proceed to theifoBowing Ar/|j^, But Firftl i^ 

makciboid to Advife him here (asl have formerly .done) that 

. he be irery ready in one Rule before he Undertakes the Next 

. V^} h ^^ *^°"^ ^ ^f^""^ '^ Addition, before he m^Hes 
With Sutfiradtwn; And in SuhftraStion^ before he undertakes 
Multiflicationy 8cq. becaufc they have a Dependency -one upon - 
Mjocner^r 

CHAP. 



CHAP, n, 

Concerning the ^It Principal ]tole0, of j^lgeb^tci^ 
jiBitj|m«tick, of Whote illmmttties. 

V S€^. I. jawttwii of Whole aitt«ittt»«. 

Addition ' of whole Qjaafttities admits of r&r^^ C^/^i. 

C^ r^ I£ the Q^wtfitif^ sir^ Zi*^ , and have Like Signs ; ^^ 
.Ac Coefficients or frefixt Numbers together 5 and to their Sun\ 
Adjoyn the Quantities with the fame 5/^«. 



1+2 



£>a«. I. Exam. 2. 



4 
^ 



2a 



— « 



-2^ 



Exam* 
8^ 






->.i5^g 



Thus 



1+2 



Exam. $ 

2it+7»^ 



2/1—7^ 



5^— '12^ 






9ab'\-\6 



The ReaI6n of thefe AcWitions /^ evident frcm^ the Work if 
Conunon Arithmetick. For fuppofe a, to refrefent one, Crown, 
to which if I Add one Crown, the Sum will be Two Crowns, or 
2 a. As in Exam. 1. 

Or if we fuppofir^ay to reprefent t^ Want or Debt of One , 
Cxcmttjiowbicbif another Want or Debt of One Crown^^r Added^ 
the Sum muji needs be the Want or Debt dfjkvo Crowns, or— 24 5 
As in Example 2. And fo for all the reft. 

Cafe 2. If the Qtumtities are alike, and have unlike Signs ; 
SulfiraSl the Ghefficientusfrxm #ach other, and to their Difference; 
foj/9 the fiuantities with the Sf^'if of the Greater. 



1+2 



E>cam. 8; 
+ 5^ 



+ 2a 



Exam. p. 
4- 3^. 



2a 



Ekam. ID. 
jbc 
^6hc 



he 



Beam. II. 



yabd 



•*- 2/J^^ 



1+2 



Exam. 12. 



^T" 



2a ^-ib 



,— Sab'^jbc^^i'i 

+ I24f>+7fe^24. 



u i 



7i6# 



aigefe^a. 



fmM. 



14^ 

The Reafon of iJ^et)perauon5 in this Qkkmay ie eafily vn^ 
derjiood by any one tbnt duly, confiders tbi comparing of Slock a^ 
Dehts together^ or the pdllancingof Accpmfts hetwixt Debtor 
' ««rfCreditot. : . 

That is, The AfBniatiive Cfprntip^ te»efrnf f^ Sisck or 
Creditor : The Negative Quantities refrejent the Debts; Ani 
their Sum reprefenXs the BatlaHcey &c. 

Cafe 3. When the Quantities arc unUke^ Set them sBl down, 
without ^tering their Signs \ and thtehce Wift arifc tf9rt^ptf*«< 
Quantities^ which cafi be i^ oiSiPerwift Ai^4^ bythek Si^^ 

Thus 1 a \ a 5*+?^'^ 

^ — - ^ 4^z4-20 



:^ 



^ 1+2 



a+h 



a—i 



'ib^e'^^a4-20 



Hence follow a few jSv^wp/^x wherein all th^'j Cafes art. /r^ 

mifcuoujiy conctinti* 

[ aa-^iab'-^bb 
— ^ab 



1H~2 






^7/2-^2^J+W 



<gj>+5— 5i 



1^-2 3 



^^ — 2Ah-\-bb 
-^-^abA-bb 



9h+7ab^4% 
:\^d- 6be^jai-^da 



AA ^2ab^b 



5^^i!zi£izi5it^ 



^il±l 



5^ 
~7^ 

+ 3^ 



/zl 






i+2-V^ 



<*/.+• 2^— 34^f— ^ 



4- ift/4- 2/«^+ **— ^+2 

I — ■ - ^— 



Si^* 2. ^abtl^atftonofWholieJIttantitiM. 

SubflraBion of Whole duanttties i* p^ofm'd by dnc Qemrd 

Rule. ' 

Rule. 

Ci^/z^'^t? ^// *A^ %»^ 0/ *;&!? Subfirahend^ (viz. ofthofe QuAn- 

tities which are to be SubftraEled) Ofrfufftkfe them in your Mind 

to be change d,>^ Then Add all the Quantities together, as before /> 

Addition y and tbsir Sum w^U be the true ^minder or DiQetence 

required. ' '.«..' 

' This 



• ThbG^«^4/if«fe is A'rfa^^rfftomjthcfe evident Tnriis; 

To Si^tfr^a an Jprmative ftuantifjf, from aAv*i»;mirtztr; 
is the fame as to Add ^Negfiflve S^^ntitj to mjIffimaUve. 
' That is 4- 2/i7ate?rfronr-h^7/r, larthrfemr witlr — 2ir 

jiffirmtive, wlll^thefittWab^taX* an -tf^^ 

^^Tn^^'^fakeM 6om-«h ijiwill bt tliefimewith-ir 2^ 
>fAfr^ta-|r^» 



I 

2 

1-2 3 



Exam. i.jExain. 
2^ I 



iLxam. 2.n 

— 2^' I 



Exam. ^.lExam. a. 



8* 
1^ 



lExam. clExad. 6.lExam 7« 
x_2 allX^- 'jhUa- srt6flg4-ia 



I 

2 
1-W 



-4-S«' 




Exani. 8.(Exam. 
~3« 



Exam.X2. 



1-^ 



7'»-5 ^ 



Exsm. 13. 



-sa. 



4:4»-^7fe-*^ 



the Work^ :lt.pcar veiy evident, thefe lbdi« on»y .^.^^^f A 
or Proof oi thofe] according to the iViitorf of Addttm vA, 
ZabfiraaimvaoxaxoDn Aritmetick, 



2 a— h 



l-m\+^ 



More Btmfies in Suhpre^ipft. 



)^-a 



150 



atsel^a* 



Pam T 



Sf" 



1—2 



f-f-i3 



^a- 



9~.2e 






P 
24 — 4* 



-2/1 4- 4* 



I— I 



^4- >-54 



76 



a^^'\'ie^2l^-^ y6'^M'\-h\^^(l^jc 



' That If — > Taken from 4 4*^ Leaves -f- 2> for the XemaiM:^ 
der-'^ as in the ^A of iht&ExamfIe4^ oofic thus |«o^ : 



Lctji 
And 2 



- ^d±l 






fer Axiwi U 



ib^z-^x which wi&to be provecL 



The Truth of all Operations in SuijintBdofi, where any J^cw^f 
arifes, may be i'rot^^i, by ^i^iar^ Ac Suhftrabend to the iPfi«- 
t^inder j As in Common AritbmeticK 



From I 
Take 2 

2±i 



^amfle. 

+54 01— pJf 

'i-^2^ +3»r>— >6ifa. ' S uhftr^ end: 

4-7^ rz3*| ji^fi^^ R^^inder. " 



+S^ 



ghAProof. 



&a 3. #attipltert^i| of Whole flitta^H^^^ 

Multiplication of Whoh Qu^titlesMrtiaXA(£Tb^eeC^ 

Cafe I. When the Quantities have like 57^«j, and na C^f^. 
r/>if ^,' fet or yo/^^ them together,, and prefix the S^« 4- bcfoi? 
'them ; aqd that willbe their ProduSl. 






Exam, I. 
a 

oi — 



Exam. 2.lExa[m. 3 



+ah 



Exam. 4* 



^rf+i^rf +^^-|-^^ 



C^df 2. If there be Coefficients ; Multiply themy and to th« 
?r^ife,S -r4^'oi». the ^^umtifies fct together as befiw^, 

T^us 



r 

P>^. 1. ' ^ . »>^ ' '^g'W— *^ U wil l . 11 I M l I ■iii — ii n ii I i i iM li fTlB aat- 



Thus 



i 



1x2 






Sxao). 6JEzain. 7« tExjin; 8t 



i32L 






34+2* 
6 



+42</^'l84+I2^ 



■5f . 



5«Hb** 



. C^'3. .When the g«<i«f itf/*i have IMikeSi^s',, /o^dieni 
, tui^ ttie Pro^uSi x)£ th^t-Cftefficieace tasetba (as^t^oeej bit 
frefix the &i^ -- befoite them }, 



Thus 



{ 



^xaoL p^iExam. lO-iK^cam. ii* 



•±J 



_<* 



—423^ 



4/1—7* 
3/ 



Enin.12. 

3L 



l2af'--2lhP^12af-\^2lhf 



^.^i}^<^^'^^- 



Kiiat fe, -l- into +, or ^—feto — , gives -f- 
But + into -^, or -^into 

That + into + wip ^Produce 4- in the ProduSi is eyidcnt 
From Multiplication in Common Arithmetick^ 
trf&+<iotQ + 7wiUgiVc-f^35 8^; / ^ 

Bat ma( -j- into ^, Or -^ into -1; ihould I^oduh tat 
f^M^ f cur lafh Examples. 

"And that — into-^fhould produce the Sign -\f> As in the 
ptond^ fiuttb znd fixtb Examples may perhaps fcem ibmewhat 
hard to be conceived 5 and requires \a Demonftration. 

Firft to prove thsLt^jh into -j^^fz^^ 21^. AsinJEx.it 

Sttppofe 14/1—7^=0 . ~ ^ 

Then wiD 2 4/1 =7* per Axiom t. .^^ 

H3+3/=4-3/ - • . ^^ 

uaf=z2Uf per Axiom 1^^ - . ; 

i24/L*2X*/€=0 per Axiom 2. 



?/ 



2'<: 

if— 21*/ 

Confcmjently 4- into — , Or — into + Produces — jHvhich 
was the Thing to be proved. 



Secondly to prove ^^ji into— 5/givcs+ 2llfds in Exam. t!P. 
Let' II 



Then 

But 

the 2 X 3 is 



— i2a/= — 2ihf by what Is frtved above. 
— iy4^-|-*/=o- f*'" Axiom 1. 



Conf«^ently,r-»into ->- gives -^ which was to be frovedj 



Or 



tI^A 



^aiyiwu 



MMiMiA^MiiMtf^ 



pMt 



t 



Or tfaefe mftha othfeiDRd& {KOfttdty A^MMMf. 
Then i«--lfe*6 r..^.;=4 -/w Axioms 









And »-Hr«ep8 whi^ yhg f«Mrn&ert, 

And — into ?- froiiuei ^ y*» «w\*»t«W?i , . , . 

wa/f;*//^^ . And the SmsO(^!fSaQ^purti(^iar Pt^diaL yi^h6»At 



,•41 



Ix 



^^.^ 



41—* 









-v" f: 



i X 2 






/7^tf ^** 






6ca—c^d 2L — libc^x2Jb 



I x2 



/7/Z-f-2tf-j-4 



^2 






gjwtf^ • \aaa-\-bbb 



StSl. 



*b^p. 2. j^tbtSou of iS^xtsttUtit^^ 



iJJ 



Se£f. 4. S>it)t(|ion pf whole ^mntitits. 

Bivijion 0^ Species^ is the i^onverfe Or direS contrary to that of 
/l/«Zff/^//V^fio«,andconfequent:ly pertgrmedby convetfeOPeraibni. 
(As in common Ariihmetitk) And admits of Fpwr ui/^j. 
' C4/> I. When the d^cuttHiefUt^Sat Dividendyhxvt Like Sights 
' to thofe in the Divifor^ and nd Cb^efiicien^s in either ; Cz/? <>^'or 
Ex^nge all the Quantities in the jDivi4end, that are like thofe 
in the Divifor ; and fct down the other Quantities with the S/^« 4* 
for the Quotient required. \ 

1-V2 



ah 



—ah 



+ ^ 




^4-* 



C^y<? 2* When the Quantities in the Dividend have t7«//i^» 
S/g^j to thofe in the Divifor \ then fet down the Quotient Quoh* 
lities found as before, with the Sign — before them. 



_Thas{] 






ah-\-hcd-^hcf 
-'he 


i-f2 


5 —a 


— .2_^ 


— a — d—f 



Cafe ^. If the Quantities in the Dividend and Divifor, have 
Co'efficients ; Divide the Numbers fas in Common Arithmetiik) 
and to their Quotients Adjoin the Quotient Quantities. 



Thus{ 



i-r2 



15 ^2^ 

_i_L 



5^ > 



4X ^^* 1 

-7M 



12 fl/- 



•21 &/ 



— 5"<i I 4 /J — 7 If 



Note, When the Qmntities and Co-efficieats in the Dm/or and 
Lividend are all the feme, the Quotieat Will be an E/«if, dr i. 



Thus 
i-r2 



I 



2 ah 


— 9hc 




3 I 


— ^ I 


I 



Sah-j-^d 
- 8^^ — r^d 



— I 



Cafe 4. When the Quantities in the Divifor cannot be cMly 
found in the. Dividend; then fet them both down like a Vulgar 
BraSlion. As in Common Arithmetic^ 



X 



Thus 



Thus-^ 



i-Tt 



QLlgOm* 



Part 



4 



h 



6hc 
Tic 




h 



N. B. In Vitijion one thingmuft he very carefuUy otferved; vijj 
fbnf Like Signs g2ve+ andUnlike Signs gwe— in ibe QtMienri 
which needs no other Froofthan thai iJready IM damn in the Ufl\ 
SeSiton, if duly compared with what hatbteenfaid cofUeminP 
Imtiplication and Divifton^ in Vulgar Aritbtnettck. 



2x3^1 
4—5 

1—2 



Examples of Divifion at large. 
2i^/H-iy^35*/— 2VCr (+3* 
7H S'^ 



2iha^i^a 



-5/ 



-^9fr2W (- 

o o 
-^^a^^f the Quotient coUeSledfromihe cj.a^id^. Steps. 



Oi Divifion of Quantities uiayfland as Numbers in Common 
Aritbmetick do ; Thus 

5^—6) 6aaaa^p6 (laaa^^^aa^Sa-^iS 
6aaaa — i2aaa 



+ 

+ 



I2aaa — p6 
X2aaa,^ 2^a 



+ 24/ztf— -96 



2400— ^a 



4-48^-96 
+48^^ — 96 
o "o^ 



mt 18, 6rt/74!^96 -r 3ii— 6 gives 1^/2/1 + 4/2.14-84+ i6 
For the Quotient zs may eafily be proved by Multiplication. 
VIZ 2aaa + ^a^Ba + id jcj^ _ 6 wiUPro^^r^ 6^4_ p6 
and fo for the reft. ^ • 



5^5?. y. ainbolntton of whote ^uantiffei. 

Involution is the i?rti/?«r^ or Producing of Powers, from any 
prdfibfcd ^oof, and is performed in all refpeaslike Multiplication^ 
favc only m this; Multiplication admits of any iZ/fl&f^f FaSors, 
but Involution fliU iC^to*;?j the fime. - ' **' 

ExamJ 



biap.x. ftt Dofttiton of s^ttantttteg 



155 









^aaa 



^aa 



— aaa 



Examples. 
the Rooty 01 fingle Power. 



Square^ or Seco nd Po voet. 
Cuie, or third Power. 



Biquadratj or^th Power. 



[0-/^4 aaaa +aaaa IStquaaratj or ^j/j rower. 
Q'^^aaaaa^'^aaaa mrfoljd, or <^tb Power, 8cc 



Note, The Figures f laced in the Margin, after the Sign (®-) 
of Involution \Kew to what height the ^oot is Involved; and 
■me called Indices of the Power 5 and are ufually placed over the 
Involved Quantities^ in order to contra^ the Worjc, Effeciallj 
when the Powers are any thing high. 
C a =tf C ^' '^aaaaa 

.^ Jfl*=^tf A A Ja^=^aaaaaa 
ThasS^ ^^^^ Ana yanf7:=aaaaaiHk 
Ca!^:rraaaa ^a^ i^ d^zsaaabhhddd 

If the Quantities haye Co^ef^cienfs, the Co.Mcknts mufl be 
Involved along with the Quantities. As in thcfe; 



TbQ&i 

I©-2 2 

10-55 



2a — 3/1 

442^ -\^aa 

^ada ^27aaa 

iSaaaa -{-Siaaaa 

:^2aaaaa —2434' 



5>f 
2yhcc - 
I2')hhhcce 
62')h*c* 
5125^^* &c. 



Jftvoltttion of Compound. Quan^tUs is pcrfbrmcd in the &me 
manner, due ieg!ud being had to theu Signs and Co-efficte»ts, if 

' Ts for Wtonc?, Snppofe a+J were given to be Involved tp 
the 5»* Pom^. 



Thus"i 









4-{-^ called a Binomial Upot 



2 <m4-<j^ ■ 

Ofii-iah-^'hi the ^«r^ o 4-jr& 



/H-* 



X 2 



tfilJ 






Part 



n 

7%a 81 



t 



i©-5io 



I xJiI2 



- i©-yi3 



4- a^H-^aahl^^iahti^+h^ 












Again, Let ^z — f, called a t^Jidual Upot, be given. 



Then 



I x^J 



4^^ 

7x— J 
i©-4 

10 x^ 

i®-5 






j/j — 4^ 



/I — b 



tbe S^z/^^ of a^^b 



*) aaA^^iaab-^^y abb 

^ — aab4^2abb — bbb 



7 aaa.^:iaab-\-:^abb^ 
a — b 



-bbb the Cube of a^b 



8aaaa^^^aaab-\-:^aabb — abbb 

— aaab- - z^nabb'^^bbA-lbhb 



10 aaaa^^^aab^6aabb — ^bb^bbbb 
ab 



as — ^a!^b-\'6a^bb — J^aabi-^ ab^ 
— a'^b+^a^ bb— 6aab^-\-^ab* - bi 



aS^ <^a^b^\Oa}bb^^\oaab^-f<^ab^ — *f 
' &c. 



By comparing thcfc Two Examples together, you may make the 
following Obfervations. 

1. That the Pow&rs Raifed from a Refidudl J^ot (viz, the 
Difference of Two Quantities ) are the firae with their like Povh 
ers Raifed fiom a Binomial Upot (or the Sum of Two Quanii' 
ties) fave only in their Signs ; viz. the Binomial Powers have 
the Sign -f- to every Term ; but the Refidual Powers have the 
Signs -|- and — interchangeable to every Term. 

2. The Indices of the Powers of the Leading Quantiij 
(a) continually Decreafe in Arithmetical Progrejfon*, viz. in 

tbe 



J 



I 



be Square it is «^, rt. In the Cube aaa^ aa^ a. 
JD the BiqttadfaX it is aaaa^ aa% aa^ a^ Sec. . 

5- Th^ Indices of ti^ other Qtfantity i do continually increafr 
JQ ArithmeUcal Progrej^n; Viz. In the 5^«/2r<?'it is i^ i^. In _ 
Jie Ca^tf i, tb, bbb. In intBiquadrai it is i, i^j />ii, />i/>^. &c. 
I 4. The Firji 2tnd La/i ferms^ are always pure Powers of the 
p?^/^ Quantities J and are both of the fame Height. ' 
■ 5. The Sum of the Jnd ices of any Two Letters joined together 
in the intermediate I2TOTJ, are ahvays^fijzz/z/ to the /«rfi?;^ of the 
Ibigbtft Power^ viz. of the FirJi or Lajl Term. 
; Thefe Obfervations being duly confideredj it will be ca{y to 
Conceive how the Terms of any propofed Power raifed from a 

Binomial ot JRefidual Hoot muft fland, without their [/»r/> oir 
I Numeral Fi^ires* 

For Inftance, fuppofe it were required to Raife the Binomial 

Root a\h to the Seventh Power j then the Terms of that Power. 

will fland without their Ui^ri^ in this Order. 

Viz. tf''+^* i+^ ' i'+/i* AH /2' i?*+^i* b^^aV^b\ ' ' - 

And becaufe the Uncice (not only of any fiftgk Letter^ but alfo) 
of every fin]ile Power ^ how high Ibever it be, is an JJnit or t 
(which neither Multiplies^ not Divides) and all the Pov^ers, of. 
; any Binofnid or Rejidual Root are naturally raifed by MulU^ 
flying of the Precedent Power into its Original Rooty which is 
^ done by only joining each Z>/f^r in the jffoof to the Precederif 
I Power ^ with its r7«fz>, and then removing the faid Pow^r,whcii . 
I it is iojoind to the Second Letter ^ one place forward (either tQ 
i the Tjift or i?/gi&f Hand) it muft needs follow, 

That the Vncios of the Second Terms (in! ^ny fuch Power) will 
always be the &/w of fo many Units Added together more one^ as 
there have been Multiplications of the FirJi Root ; which wilf 
always be determined oy the Index of the Fi^Ji Term* in the 
Power. 

And becaufe the Uncitt of all the i^/ter mediate Terms ^ arc 
only removed along with their Letters^ it aifo follows; that if 
they ^re Added together^ their refpeSlive Sums vvill pr odzwe zho, 
true Vncids of the intermediate Terms in the new Raifed Power ^ ' 
As doth plainly appear from the. following Ntimbers io removed 
without thcit Letters ; which both.ihews and Demon fir ate s aii 
ii<ify vr^y of producing the Uncia's o( any Ordinary Power (viz. 
of one not very high) Raifed froai eicher a Bi.'Kmiia! or ^-ftdual 
Root. 

Thus 



ijS 



aigeti?a» 



Thus 



Part I^^ 



Add-{ 



Add J « 



Add 



1 

Add^ 

Add{ 
Add{ 



2 

I 



I 

2 

5 



4 
I 



6 



1 . 5 .lb .10 » 5 
I . 5 *io .10 



The twolhcias of Aefirfi Root J 
ThtUfgcia'sof tiitSquoKe. 
The Uftcias of the Cuhe. 

The I7«rf^ V of the /^b Power, 
VncifLS of the %tb Ptmer. 



• 4.1 

> 6 . 4 



5 



.1$ .20 .15 . 6 
6 >I5 .20 .15 



I . 7 .21 .35 .35 .21 • 7 . I VncidsoiiSQi^ytbPom. 
And fc on in tbis^ manner ad infinitum. 

Now if thefe Numbers arc frefiK^d to the aforcCdd Letters^ all 
tlie T(m;t;i will be comfieated with their refpefdve Uncia's, and 
ivili fiand thus ; 

4^ +7^^* +2 w^i* 4 3^«*fc3 +35^3*4 4.2l<2»b« +7^*' +A. 

But that the bufinefi of finding thefe Unciasj may be rendred^ 
yet more ea^ for PraBUe, it wilf b^ convenient to confider what 
Series or ProsreJJion^ the llmid% g£ cadi Term do Qiake^ kom 
tjie aforelaid Additions 



•a. 

If 



l8 






5 . 

•el 






? 

6* 

15' 



21 



•SB 

5-s 
II 



I 
4 

35 



•3.-S 



35 



'I 



31 



•38 



5f 






UociVf of the (ingle Qotntrdei# 
Uncia's of the Square* 
Uncia's of the Cube. 
Uocta'ft of the 4th Power. 
Uocia's of the 5th Power. 
^ Uocia's of the dch Power. 
Uncia'* of the 7th Power» &c. 



The Vncids of the Pirfi Term is only a Series of Vnits^ whofc' 
Sum is every where the Uneids of the Second T>rm. 

The C/^/r/^V. of the Second Term, is a 5w^i of Numbers in 
j^itbmetick Prcgrej^on ; whofc Sum is every wKcrc the VnciiB 
of che Next Superior P^wvr in the Third Ibrm. and may be found 
by Pro^iiion i.. Chap. 6. Part i. That 



I Uncidso£iiit6tb Power. \ 
6.1 
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That is, in the 7th Power it witt be ^ 6^1x6 
^Jncid^ ot xSat Third Term. 2 ^ 

' The reft of the Uficids ate a Compoondc(| Series j whofe rc- 
[fteaivB Sums may be obtained ftom the Vncids of their frece* 
\2ent Terms. 

Thu, -^I^;=35. Then.ilii±=55. Agam-ii|^=2i. 
Piom hence laay be deiucti this Genetd SmIc, 

»ttte. 

if f A# 7»^^« o/" »** Firfl Letter of tun Term he Multiplied 
vi» its won Vma, aad that ProduB be Divided hj the Number 
of Terms to thai flace ; the Quotient witt be tbeVncia of the 
next fucceeding Term forward. 

That is, by the help of thofc Indices that belong to the feveral 
P<fyoers of the Firft or Reading Letter only (as a) the true Vacidt 
' tf every Ibw may be eafily undetftood. 

Bxmfle 2. 

Let it be reouired to compleat all the Terms of the aforefaid 
few3/'o«iff*3i2.fl^f-«'H«'**+«**'+'«'^'+''**'-f^^+*'- 
with their pHoperl/afM*. „. . _ .„ . . ... - . 

1. The/«rf«f«of fl7 AeFtrft 3*Tar<will be the Uaaa of die 

&mmt Term. Thus «t4-7«*^. ^ . , . • . •*. rr ^ 

2. Then half the Second Terms Index utfo its l/«rt«, 

pa. Z2LL=2i will be die Third Term's Untia. 
Thus d'-\'7a*b-{'2l a'h will be the Three Firft Terms. 
2. Again-^^^-^=55 " ** ^'^''' °^ *^^ Fourth Term. 
Then it will be af-\-7a''b'-{-2iatb*-^^'ya*b^. 
^ Andii^=35 will be die Uacia of die F//fj& r^m. 

Then «'+7''*^ + 2i'"**+.35'''*' +55^;^* .^^- '^*^. *" 
Ae r«w* ate comfleated widi dieir refpeaive Umia s j and then 

dter vrell Aand ..... > 

Thus, 47 + 7«*A +2W'** +35*4ir+3'5tf»i* + 2i^»^» 

Now 
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Now here it may. be further Ohfervdy that the Uncids do on 
increafe until the hidices of the Two Letters become Eqmlj 
change places ; and then the reft of the Uncids will return 
Dfp^eafe in the fame ordej. That is, wherever the Indices C 
die hitters are Alike ^ there the Uncids will be Alike. 

AVid rherefore one needs to find the Uncids (^as before^ but t 
t^fftiie Number of II'r»75 in any Power. 

If what hath been faid, and the Work of the Example 
well underftood, I f re fume it will be found very cafy to R?& 
any Power from a Binomial or Rejidual ^qnfy to what j&^^^jiS 
you pleafe ; without the trouble of a continued Involution ; aa 
without the Kelp of fuch a 7^^/^ of Powers as is prppofed b 
Mr. Ovgbtred in his AVy to the Mathematicks, Page 40. an^ 
. fince by others. _ ^ 

Now from thefe Confuierations it was, that 1 propofed this 
/kffthod of Railing Povjers in my Compendium o^Algehra, Page 
57, as wholly iV^v; (^viz. fo much of it as was there ufeful) having 
then (I profefsj neither feenthe^way of doing it, nor fo much as 
heard cf its being done. But fince the writing of that TraSl, I 
find in Dr. Willis s Hijioryof Algebra^ Page ^ipand 331, that 
the Learned lAx^IJaac Newton had difcovercd it long before : 
which the DoEior lets down in this manner. 

Let m be the Exponent of the Power. 

r m — o »— 1 m — 2 m — 3 m — 4 

Then -? i^. x x.,; — x— ^x 8c. 

t I. 2 • 3 4 5 

Will be the Series of the Uncids required ; but he doth not tcD 
u*5 how they firft came to be found out, nor have | eycr met with 
the leaft hint oi it in any Author. 



Se^. 6. (Stjolutiott of whole Slaanfiticfli^ 

Evolution is the ExtraEting of Roots from any given Power. 
That is, it is the Converfe Work to that of Involution^ and in 
ftngle Quantities it's eafy, if the given Power have fuel a Root 
as IS required, which may be thus known. 
• If the given Power have no Numbers prefixed to it, and its 
Index can be Divided by the Index of the Upot required, the 
Quotient will be the Index of the Root (ought. 

Thus, if the Cube Root oiaaaaaa, viz. a'^ were required (the 
Index o£ the C«l^^ is 3 ) then 3^ 6 (2. That is, :}) a^ (a^ the 
Root required. And fuch Operations are ufually fet down 

Thus 
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\T 



ttttf2 



«« 



aa 



a^h^ 



atbi 



Aabb 



ab 



^b'd^ 



h}b^di 



aabbdd. 



abd 



iNote, Tbe Figure s f laced inibe Margin after ih^Sig^t (w)of 
holution, denote the Index of the Root to he Extracted. 

If the given Powers have Co-efficients :. (viz. Numbers pre^^^ 
)xd to them ; ) then you muft ExtraSl their rcfpcffive gpotf 
|i in Vulgar Arithmetick. 

Thusli 

i«ii 2 2 

C>r2uii2Lf 

But if .the Root required cannot be truly Extra Sled out of both*. 
the Qhefficients and Indices of the given Power ; then it is ^' 
Swjf, and muft have the Sign of the Root required prefix J to it. 



81^4 


I296^«i'' 


20736/244f'* 


JW4 


36iSf4i4 


i^aabbcc , 


5^. 


. 6/itfi* 


i2/itf 


.?^ 


6^/1^^ 


I2tf^r 



Thus 
I1102 
ittti3 



rt« 



y'/j^ 



V^* 



Sjaaaa 



i^Sjaaaa 



^^6yaaaa 



2l6bbbddd 



^liebbhddd 



6bd 



EvoJuiiM^(£Cofi2pound Quantities or Power Sy is a little more 
tooublefome thatithat of Single Powers ; and would require a 
great many Words to Explain the manner and ^eafon of forming 
Sic feveral Canons^ that are commonly ufcd in ExtraSiingtht Roots 
ofCompound Quantities ; efpecially if the Powers be very high, &c; 
I Ihajl therefore for brevity's fake omit them, and 7>y?^/«</ thereof 
propofe an eafy Method of difcovering the Roots of all Compound 
Powers in general ; And in order to that, it will be necellary to' 
prcmife ; that if either the Sum or Difference of feveral Quantities , 
kc Involved to any Power ^ there willarife fo many fi^gle Powers 
^tht&mebeigbt^ as there are Different Qnantitit^s. 
, As for inftance, if a-^-b-^^d be Squared^ that is, be Involved 
to the Second Power y it will be aa-\-2ab-\-2ad\'bb'{-2bd\-ddf 
here you have aa^ bby and dd. 

Again, if /i+^-f </ were cubed y viz. hivoived to the T/^/r^ 
fmer^ then you will have aaay hhb^ dddy in it, Qx\ 

Y .Whence 
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WJience it follows that in Extraclin^ the Efpots of all Compbuni 
QuantjtieSy there muft be confidetedy i 

1. How many Different Inters (or Quantittes) there are in' 
the given Power. ^ 

2. Whether the Single Powers of each of thofe Letters be <£' 
an equd height^ and have in them fucb a ftngle Root as is te- 
quired : Which if they have, Extra6i it as bcfoie. ^ 

3. Connect thofe Jivgle Hoots together with the S/f^^-, and 
Involve them to the feme height with the g^ven Power; choc 
being done, compare the new Raifed Power with the g^ven Paw^ 
ery and if they are alike in all their relpeSive Terms, then you 
have the Root required ; or if they Differ only in their Sfg^s^ 
the Root may be Eafily correSled with the Sigv — as occaiioil 
require?. 

Example i. Let it be required to EfctrdSl the Square Root of 
re -^ 2ch — 2cd^hb — 2bd-\-dd. , 

In this Compound Square, there are Threes difiinEk Power s, 
viz. hh^ ccy dd^ whofe fin^e Roots are h, c, d, wherefore I iup- 
pofe the Root fought to be *+^+^> ^^ rather *-f-r— 1/, becaofe 
in the given Power there is — 2cd^ and -^lid dierefbre, I con- 
clude it is — dy then *^-r— rf being Square, produces ih-^Ttc 
— 2hd-\^cc-^2cd^dd^ which I find to be the fame in all its T^rms 
with the given Power, although they ftand in a Different Pofttion ; 
confequently ^-f-r — d is the true Root required. 

Example 2. 'Tis required to ExtraSl the Square Root of 
a^-^aaahh-^-h^. Here are but Two Jingle Powers, viz. n^ and 
^4, whofe Square Roots are aa, and **. And becaufe in the 
given Power there is— 2^J^, therefore I conclude it muft either 
be aa-^hh or hh^aa. Both which being Involved^ will produce 
a^ — laaH-^-h^ ; confequently the ifoof Jought may either be /z^ 
■ — hh^ or ih-'^a according to the NaXure or Defgn of die Que fit* 
on J from whence the given -Powfr was produced. 

Example 3, Let it be required toExtraSl the Square Root of 
56^r2/7^-l-io8^^-|-8i. Here the Two Jingle Powers zxe :^6aaaa, 
and 81, whofe -Soofj are 6^^ and 5?. And becaufe the Signs are 
ail + therefore I fuppofe the7?oof to be 6aa + p, the whi<^ be- 
ing Ijivohed dc^th produce :}6/24-|- 108^^+8 1, confequently 6aa-^p 
is the true ^ot required. 

Example 4. Suppofe it were required to ExtraSl the Cfihe 
Root of i2<iana\'^oonae — ^"^oaa ^ 2^:faee ^m^'j20ae'\'6^ee 
►f 54Ci» —288.^^+43 2^—2 1 6. 



fi^ 
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' In this Example there is Three diJiinSl Power Sy viz. ii^aaay 
64^^^, and — 216. 

The Cube Root of \%^aaa is <^a. Of 6^eee is 4^ , and the Cube 
Moot o^^^.^ 6. 

Wherefore I fuppofc the Root fought to be «;/z-f 4/?— 6, which 
being Involved to the Ti&irrf Fov^er, does Produce the lame with the 
^ven Power y confequendy 5^4^ — 6 is tne C« J^ i?cof required. ; 

But if the new Power , railed from the fuppofed Rpot (bei^ 
Involved to its due height) fhould not prove the Cime with the 

fiven Power J viz. if it hath either More or Fewer Terms in it, 
?r. Then you may conclude the given Power to be a 5«r</, and 
muft have its proper Sign prefixed to it, and cannot be otherwife 
Exprefsd, until it come to be Evolved in Numbers. 

Example 5. Suppofe it were required to ExtraEl the Cube 
Root of 27aaa^'^Abaa'\-%bbb. 

Here are Two diftinEl zvAperfeSl Cubesy viz. 27^^/2, and %bbby 
whofe Cube Roots ztt ^a and 2b. 

Wherefi)re one may fuppofe the Root fought to be t^a-^-^ib 
which being Involved to the Third Power, is 27/2^^+54*^/74 
^^6bba)^8bk Now this «^to raifed Power hath one TI'^;^ 
(viz. 36W/«J more in it than the given Power hath ; but this 
facing a perfeEt Cubey one may therefore conclude the given Power 
is not fb, viz. it is a S»r^, and hatii not fuch a i?oof as was Re^ 
fLiredy butmufi be Expreffedy ot fct down, 



If thcfe Examples be well underftood, the Learner will find 
it very eafy by tnis Method of proceeding to difcover the true 
ifoaf of any given Power whatlbever. 



CHAP. IIL 

Of jSilseb^atdt ifradioiw, or SBjoketi ^nantttiei . 

5e<?. I. iPotaCion of Pra^ional Quantities. 

FraSlional Quantities arc Exprefsd or fct down like IMg^ 
FroBions in common Arithmetick. 

TK S ^ ^^^ S^-— 4<g Numerators. 
^- % T^ ~3"> 4<*+76 Denominators^ 
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■ - ' 

Hovir rhey come to be fo, fee Cafe 4, in the \zStChapter 6 
' Tiivijion. Thefe FraSiond Quaniittes are managed in all rdi 
fpe^s like F«i^/ir Fr&Etions in Common Aritbmeiich 

Se^. 2. To 0lter or Cfjange difFerent jfraOtmS into one 

/ DenominatiBny retaining the lame Value. 

^ Kttle. 

Multiply all tl^e Denominators info edch other for a Nevs 
Denominator ; and each Numerator into all the Demmnators 
%ut its own J for IJenp Numerators. 

Examfles. 

Let it be required to bring 4- and — ixAooj^^penominaf^on. 

Firft ay^c^ and </x*, will be the Numeratorsj 2nAi%c 

will be the common Denominator, viz. -r^ ^d -^^ arc thp 

TwoFraaionsrtquixed. Thatis, -^r^-f- and -g^= -^ 

Again^ let -^jjr ^"^ T^J '^ brought iii one Denomination. 

And they r hb-i-h c-^bd-^dc , iyrf^tfg4'^<^^^^ p. 
willbc 1 ba+ib^daJ^bd ^^ U+bt^da^bdi^^' 

Se^. 3. To MittQ whole ^aaiifitte« into ifractumtf of a 

' given Denomination. 

Miiluply the whole Quantities into the given DenomviOt^, 
for a Numerator-^ under which Suhfcrih the given Denominator^ 
a?idyou will have the FraSion required. 

Examples. 
Let it be required to bring a^h into a FraSion, whofe Death 
mnator is ^— ^, Firft a -{-b x d^a is ^/J+W— /w— ^^2: 

Then ^H/"^ "^ ^^ ^ FraSlion required. 

Again i+ --J-willbe ^\ And ^^^willbc fUj**. 

AifoH^+ ^?=T^willbei5fw • 

When 



* f 
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When whole Quantities are to be fet down Fract^on^wife^ 
Suhfcfihe an Unit for the Denominator. 

Thus^, is-^ fixdaa^Uy is ^^ZI — &c. 



SeEl. /{. To jabb}et)iate> pr HeSnce FraElional Quan- 
tities into their Loweft Denomnation. 

Divide totb the Numerator and Denominator By tbeir greatefi 

common Divifor, viz. ly fuch Quantities as are found in hotbi 

iond ibieir Quotients will he the FraSiion in its Loweft Term. 

rr^ ' aae . aa . .abbh\ bb .,,. i bdc , , 
Thus -^— IS -^ And—rr-is — • Alio tf-j — -r— =r4-f-»« 

In fuch Jingle FraSlions as thefe ; the common Divifor (if there 
tp aiw) are eajily dilcover'd by InfpeBion onfy ; but in Confound 
FroEtions it onen.froves very troublefome^ and muft be done 
either by Dividing the Numerator by the Denominator^ until 
nothing Remains, when that can be done : Or 'clfe finding tbeir 
. common Meafure ; by Dividing the Denominator by the Nume* 
' rotor, and the Numerator by the Remainder, and fo on as in 
Vulgar FraBions (SeS. ^ Page 51.) 

ExamfUi. 

Suppofe ^wjj were to be reduced Lovaer. 

Th^n cd^^dd) aac — aad ("T *^ FraSHon rehired ^ 
aaC'-'-^ad ^ 

O 0~ 
In thb Example it fo bap fens that the Numerator is Divided 
juft Off by the Denominator 5 but iq the r^ext it s othcrwife, and 
requires a Dov^/^DiVi^o;? to find out the common Meafure, Viz. 

Let it be required to Reduce ^^^— ^ to its iow^jf Km j. 

' aaa'-\'2aab-i'^abb 

*~^2aak—2abb the Reminder. 
Thtnmm2aabfmm2abb) aa-j-iab+bb / ' «^ i- *© 



'Heny 
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Hence it appears that —2^ — iM'is the common Meafure \ 
by which aaa^abb being Divided, , 

yiz, 2/M>— 2tfW) aaa^dhh f ^ 4- JL 

aaa'\'aah \ 2? ' 2 

^abb^aab 
■I ^ ■ ■ 

o o 
• X . 

Then p— 4- + — is the iV^w Numerdiar, 
2* ' 2 

And 14» — . JL -i- — is the Nevi Denominator. 

^ 2b * 2a 

But- !^+Z=r-2±t!! = -.l+*theAr«,«^^or. 

A J I I 2^4-2^ a — b ,, ^ 

And — A = — ^ .i^ = "^ 'v ^^ -the DenominMior, 

Let both ht Multiplied with 2*^ and you wifl have 

— ^^4-^^ ^he Numerator. 



rj the Denominator. Or Changing the Sg«x of 

all the Quantities, and it will be » ^^ the iV^«? FroBion Re* 

• J rr^i- '' • aa^ab aaa^^abb 
quired. That is, -p-^j^j-j^^^-^-^ 

Again, let it be required to Reduce ^^^ , 

The Cemmon Meajure of this FraStion will be the eafiefi 
found (as appears from Trials) by dividing the Denominator by 
the Numerator J 8cc, 

Jhus </^-^J^) ddd^bbb (d 
' ddd^hbd 

' ^bbb^bbb) dd^bb ( d 
dd^bd \Fh 
^bd-^bb hbd^bi (b 
Ibd^b^ 



, Hence it appears that bd^^bb is the.ro«w«o« Meafurt that wiB 
i)/V/<ii? both the Numerator and the Denominator, 

■ Conft? 



:^ap. 3. Of f rattiottal 0gantitiejS{» \6^ 



Doiifcqu«ndy M-W) J^-^5 ^^ ^ xMiUNem NumetaXou 



J^db-bb 
db^iB 






vbd~m 
00 : 

Let botk be MmpliedvnsSa. 5, and then Joa^wU 

r <i 4-g the Numerator^ ^ "i of the Fr^M» 
•»*« ■{ dd+bd+bl! the Letumnatf, 'jEcquired. 

But after all Meant ufed ("4* above Waen cannot be toand Oa# 
Common Meafure to bodi the Numerator and DenomiaOtori then 
is that FfiJ^/o* in its Z>/i/Jr*mf already. ^^ , 

Note, r;&e/^ Operations wiU be wtderftood Bja U^ner after 
he batbfafsd tbro' MuHifUeation, and Divifton of Frabtions. j 



Sea. 5. aWltlBIt and jWbfttatfWH of FraBimd 
^tiantities. 

Von^ttaFraEtims being cyiOneDenominationy 01 if they 
aienot, aiakethemfo,ffr5«'S4. Then, 

Rule. 

Aid. wmfiraEltheir Numerators, as Ouafton requires, and 
toibeir Sum or Difference, Subfcribe the tommn Denommator: 
As in Vulgar Fractions. 

Exmpks in StW)tti««» 



- 1+2 



ii^aa 
aa 



aA-B 
zaAre 



ib-\p^yi'\-b-\-c 




Exam' 
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^Iseiirs* 



Part ff 



1—2 



hh-\-aa 






«+.J 



f 




f 


^-K 


dn 


2fl— J 



y-ff 



2a-|-r 






Seft. tf, ^tlltipUcation of Fra£limal Quatttities, 

Fiicft />rf/>/»-tf yj/iAf'i duaaities (if there U atej) by maldt^ 
them Improper FraSlioas, afld Wh(fle Quaatities by fahftribim 
ail t7wV under them. As f «- SeS. 3. Then, 

Rule. 
Multiply the Numeraiors together for a new Numerator: Antf 
the Denominators together for a new Denominator. As in Vui' 
9ar FraSiotts. 



gar FraSiions. 
Thus - 



1X2 



ab_ 

c 
d 

f 



dbd 
"IT 



o^a — ii 
TdArc 

T 

2dd'\-dc 



Suppofe it were required to Mulfifly 24-[.— ,—25 
Jf]* 5^+4^ Thtkfrepared for the Work (fer SeS^.yxm 

' ~^ • • - ^ 



Tbus-[ 



1X2 

Or 



^^^— 71 J+8^— loor+ -2rfl per Sefi^i 



i^^JSf 



^ A^. JB. Ai^ FraSlha is Multiplied with its Deamiaator B^ 
t^aftiagOff^ otTakittgibRDettoniftatoramj. » '' 

Thus ^X« gives*. Fori x4 = ■^=*&C' 



ri22^J'''^'cmlCluatttHieshtuig frefared, asditcfled in &» 

Rule. 

£^ifb the Numerator of the Dividend, i^to the Denmi' 
nOor of the Dtvifir, for a New Numerator ; aaJ Mtiltzph tife 
WBer two icgeiber for d New Denomiitator j eU in Vtd^Fiarf/ 

Examples. 

Let -^ be Divided hj ^ the Work may AanJ 

aid [aide, d „ ^ 
If \abrf=jf^Sea^ 



Tha8^^ 



OtTijus 



14-2 



3 



ahd 



cf 
ah 



■.f 



d 

X 



d 



aa-^ia 



. dc^k 






aaac — hhhc 



Snppofc it were rcquircjd t!b 'DhUe aaJr -^-^ 
Byei+>. Thai the Work jpr^/^/^r^^wm.ftand 

When FtaBiSni are of 0«? tienominationy caft Off the pW? 
9^4f^j^ and Z)iW^ th6 Numerator^, 

Thus, iifi!! were to be Divided by H it will be 
• ' . c ' 

Hy «>» (a* the duotient required.' 
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Part 



5 



By 



Again, Suppofe it were reqmred to Divide ^ T^i 
^^+^y^ CaftingOffc^ into both, it trill be 



(^*- 



Seft. 8. 3[nlMltttum of Rational Quamities. 
Rule. 



tor 



Iwoohe the Numivmnto iifelfj far a New Numerafer ; atJ 
fbe Denominator into itfelfy fer a New Denbmlnator j each m 
pften as the Power require i. 



Thus 


I 

2 


5 
a 


Zbc 


i^d 




2ad 


a — c 


I©-2 


bb . 


pbbcc 
jyiadd 


tb^TbdA-dd 




aa 


aa>-^2ac-^cc 


^^^.^ 


bib 


, 2jlblccc 


bhb+{m^lldh^ddd 
aad^':^aac^yuc^^^cc 


i®-^ 


aaa 


iaaaddd 



Seft- 9' <Ifct»oItttton of Ra^ionai Quantities. 

Jf the Numet Attar and Denominator of the Fi^aStiwt have ttdi 
of them luch a if oof as is required (wbUb very rarely happens) 
Then ^fw/t^^ thpm ; and their refpeSiive Hoots wiB be the iVi. 
merator and Denominator of the new F^aSiion required. 



Thus 



2 tui2 



2aaSb 



4*/ 



:;^7i 



.2rf 



Again 



J 1^3 



2jaaathb 



, iXii+s^fM 



HaS+XS 



^4-* 



rf_/^' 



3^6 



2d 



aaa -^-^aai ^Jj^bA^JEj 
aaa—:}aaB'j^^abb^bbJ 



a^B 



a — 6 



Sometimes it fo falU out, that the Kumeraw ttisn hm 
fasft a Jit0t as » req,uiredy wh«» the Deaomnator hatb not,' J 

On 
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. the Denominator may have fuch a Hoot, when the Nutnera* 
- hadi not. In thoie Cafei the Operations may be fet diown. 



BThus 


I 

2 


add 


aaa-^^h—dd 


t uii 2 


ok 

^ddd 





But when neither the Numeratary nor die Denominator have 
/t(^ fuch a i(Mf as is quired, ftefix the Radical Sign of the 
i?0of to the FraSlion ; and then it becomes a Ss^ri, as m the laft 
Step, which brings me to the Bufineis of managing Surds. 



CHAP. IV. 

Of l&ttrd ^ttantitief . 

THE whcde DoSirine o^ Surds (as fbey caUit) were it fuUy 
handled, would require a very large Explanation (to render 
it but TolerMy Intelligihle) even enough to 611 a Tkeatife it 
lelf ; if all the Various Explanations that may be of u(e to make 
it eah Ihoiild be inflated ; without which it's very intricate and 
irouhlefome for a Learner to underfiand. But now thefe tedious 
XeduStions of Surds^ which were heretofore thought ufeful to fit 
JEmiotims for fiicb a Solutiony as was then underpood^ are wholly 
laid alide as ufehfs : Since the New Methods of Hffohingzll forts 
of Mquations rrader iSam Solutions egudlly eafy^ aldiough thek 
fowers are never fo ib(gi&. 

Nay, even fincc the trae Ufe of Decimal Aritbmetick hath been 
well underfiobd, the Bu&ne& of Surd Nund^ers has been managed 
that way J as appears by leveral Inflames of that kind in Dr. Wat- 
lis*s Hipolty of^AlgehrOj firom Page 23 to 29. 

I fhall therefore, for Brevity fake^ pafs over tb«fe tedious 
RedtBions^ and only fliew the Yoiung AlgeVraiR how to deal 
with fuch5»r^ duantities as may arile in the Solution of bard 
Quefiions. 

Sea. I. JlOOition and llMibtrattian o(Suri QuamHin^ 

Cafe I. When tfcc S^rrf tlpantlties arc Hmogeneal (vh. 
m 4ihe) Mi^ or §iii^4a Ac l{^/ir|b«^ ^^rl, if they are 



"* ^ 



'^^^ 



aigd)^ 
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|(nne(}toany, aiiiltodidi&«i) fa. Hiffertnce^ Aij<m tbe. iir<{. 
$wna\ or Surd. 



1±2 



y+aii 



UxamfUs in jSBlRtmi. 






lW*r 


















/Jfc^Jaa'\'d 



t—2 



1—2 



Examples in fStxliSx^ition. 



5s/fe 



6^Vi 



/«• 






j£^ 



'^^ 






h'\'^^aa^cc 






Ic^Jda-^d 



Cafe 2. When the Ztffri Quantities are* Heterogeneal (via;. 
f ^v^fr Indices are untile) they are only to be Added^ or Sukftra&ei 
by their S/g^j, jaz. 4- or — And from thence will arife ,^rd^ 
either Bmomialj or Repduah 



1+2 






Examples in 0DOtttOtf . 

I 












1^ 






Examples in ^abSracTton. 



I i. 






d^2aJM+dJ 
^--djaaa^cd: 



2ajhd^(^ 



Sea. 



jbhap> 4, Of ^ttt?b Itttantttteg- 



^7? 



SeSt. 2. ^nUiplicatton of Surd Quantities. 

Cafe I. When the Quataiiies arc P»r^ 5»rrf^ of the fime 
pnd ; Muhifhf them together, and to their PfoduS prefi^fthw 
JSadicdl Sign. 

Examples, 



1X2I3 









^la 



1 V5r^ 



VZ«-|-^(f^^ 



V'/z^a — hb 

\/ aa^aa—bbhi 



Cafe 2. If Surd Quantities of the fame kind (as before) ar« 
joined to I^ationd Quantities^ ^tn Multiply the Rationed into 
the Rational ; and the 5«r</ into the S«r^, and join their Pro- 
(feffj toge±er. 

Samples. 
Ill ^i/&: I 'icd^ba^da \ iK^^ai I v^ 

IX2I3I 



^db^i/bca 



I \%cdais/bcaa'^dcQ^ \ 7%^abd[ cW^^ 



5>t??. <j. SDitilton of Surd Quantities. 
Cafe I . When the Quantities are P«r^ S»r//j of the fame kind^ 
fmd can be Divided Offy (viz. uithout leawng a-Remainder) 
Divide them, and to their Quotient prefix their Radical Sifft. 



1^^ 



j^ba 



.1^ 



Examples* 

'^bcaa-^-dcaa 
^ca 



^/ta^da. 



^aaaa^bbhi 
jaa — bb 

Jaa^ih , 



Q/> 2. If Surd Quantities J of the fame kind^ are /oi^^^ to 
Rational Quantities ; then Z)ivjV^ the Rational by the Rational^ ' 
if it can be, and to their Quotient join the Quotient o( the Surd, 
iXvided by iiie Surd, yfith its FirA Radical Sign. 



l-f2 



:^db^bca 
jb V^ 



Examples. 

1 ^cdaslbcaa^dcaa 
^ajca 



^cd^i^^da 



y^sjabdl Ooy/^ 



^W^g I _ 




Kote^ 
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NoiCy if any Zquare be Divided by its Rooi^ the Ciuotieni will 
be its i?oof. 

^ Examples. 

Ja I V^ypi^-f ^f I V^^ -^ 7hhaa\;b^ 
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Se^. 4« 3tlt»ltltton of Surd Quantities 
Cafe I. When the &^rrfi are not joined to Raiioffal Quantities \ 
they are Involved to the fame heigljt as their Index denoiesy by 1 
only taking away their B^adicat Sign. 

Examples. \ 

l©-2l2| iz I ^r^ I aa^Bi | aa^da | 

C/?/^ 2. When the 5i;^^j are joined to Rational Quontities ; 
Involve the Rational J^antities to the fame ^^fji^ as the Arfex 
of the S«fdf de7totes ; then Multiply thdfe Involved Quantities^ 
into the SurdQj^antitieSy after their Radical Sign is taken away. . 
AjS before. 

Examples. 



\i\ IJa I 5^?^^^ j ^B^aa-^dd 



l©-2|2| W^ I I'^ddca j ^BBaa-^jjbBdd 



III ^V^w" j :^dt1ffaa^^ '| rf^\/S . 

2^3121 /i^z^5^ I 27dddaa-\^^^dddBB \ dddoiuxB 

/ ' -■ ■ . . ■ ' ■ >*<■■■ I .I. — • 

The i^^/2/b« of only taking away the "i^adical Si^j as in Ca/k i< 
is eafily conceived, if you confider that any Root being Involved 
into it felf, produces a Square^ 8cc 

And from thence the Reafon of ^ok Operations performed by 
fhe SecondCafe may be thus Stated. 

Suppofc fiv'^^:^- Then^v/^r^-y I'^r Axiom 4. and 

both S^Vii^jr of the Mfuation being Equally Involved, it will 

te^r:^* Then /Multiplying both^ S/<fe^ of the Equation 

|ntoJ5, it become Mrtssjrjc perjpciM3- 
Which was to be proved, 



p. 



hap, 5- Of ^»ri> il^ttantitieg. 
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Agsdn^ Let 'ydJcaz^rJc* Thtn^ca=:^ 



5^ 



And eai 



_ XX 



Alio ^com hence it tvill be eaiy to deduce the ^afon of 
Multiplying Surd Quantities^ aocofdu^ to both the Cafes. Foe 

Suppofe^ 



l©-2 



3x4 
5u«#26 






2^24 <i=rxx 



}ij=z2«4r. /)fr Axiom 2. 
'^has^zx. whidi was to be proved. 



Let -{ 

2-r9* 



4x3 



3?iS}^'«^^«-^''/^^ 



v'fc= 



^W- 



7 

za 



^Utf^r=-T3. fi^om what Isfroi^d above 
6| ^iidjbcassxxj See for tbe left. 



Livifion being the Gmverfe to MuUipUcation^ needs no othec 



C H A R V. 

Cmermng the Name df JEXffttAiMi and hov) to frefore 
thim fw a tlftolntun. 

When any Problem or Queftm is propofcd tte be Analytically 
Rifolvedi it is very requifite that the True Defign or Meaning 
tfaoecd^ be fulfy and clearly Comfrehended (b aUits parts) that 
felt may be Truly AbfiroBed fiom fuch Ambiguous Words as 
^yWow of diis faW are often Difffdfed with ; otherwife it will 
fcc my Dijfficuli, if not Imfoffihle^ to fiat^ the (?»^7?fo« right m 
m fiOftituted Leiters. and ever to bring it to an JEquation, by 
fuA various Methods of Oi^i>^ thofe Letters as the iWif«^np 
$C die Cimftions nay require. 

Now 



■iiimM 



in6 aiflebia. Partji: 

Now the KnovoUdge of this difficult Part of the Work is only tso 
be Obtained ty Pramce^ and a careful minding the Solution of 
fiich Leading Queftions as are in tbemfehes very ^^^. 

And for that Reafon I have inferted a CbUeSlion of feverei 
gueftionsi wherein there 'n great Variety. 

Having got fo clear an Underfianding c£ the QiUfiion propbfed, 
29 ta place down aH the Quantities concerned in their due Ordir^ 
viz.. all the Suiftituted Letters j in fuoh Order as their Natwre 
requires ; the »«?xr thing mlift be to Conftder whether it be Unntei 
or not. That is, whether it Admits of more Answers than One^ 
And to Discover that, Observe the Two following 1^/^^. 

When the NunAer of the Quantit^s foughty Exceed ibe 
Number cf the given JEquationSy the Quefiion Is cdpahle of is- 
numerable Anfixers. 

Esatnple. 

Suppofc a Queftion were propofed thus ; There are Three filth 
Numbers, that if the Firji be Added to the Second, their Stan 
will be 22. And if theSecond be Added to the Third, thai Sum 
will be 46. WhatarethofeiVfeiw^^j, 

Let the Three Numbers be reprefcntcd by Three letters, thu^ 
call the Firft a, the Second e, and the Third j. 

^^ \ t + i^liy according to the (Ja^/fifoff. 

Here the Number of Quantities Sought arc Three; a, e;n, 
and the Number of the given JEquations are but Taoo. Thetefoe 
this Queftionis not limHed, but A4mits of Various Anjioers; be- 
caufe for wsQne of thofe TiErf^ Letters you may take any Nuvh 
ier at fleajure, that is Z>/j than 22. Which ^h a HWe Cm: 
Jideraiion will be very Eafy to Conceive. 

Itnlif a: 

When the if^ufO^er of the given maucAiofis {not defending 
ufon one another) are juji as many as the Nunfber ojt the Quan^ 
tnies fought ; then is the Queflion truly limited, viz. eac^ 
Quantity fought hath but one Single Value. 

As tor inftance, Let the afortfaid Queflion be fropofed 
thus. Tbere ate Thfee Numbers (a, e, and y, as before) 
if the Firfi be Added to th^ SecoM, their Sto» will- be' 22; 

if 
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if the Secoftd be Added to th^TlJirdj their S«;« will be 46 5 and 
if the Firft be Added to the r^/ri, didr 5«»/ will be 36. What 
afre the Numbers ? 

TBatis, ^-^.^=22. ^+^46, and44-jf=±36; 

Now the Q«^^/(7« is perfeSlhf Umitedj ezdi Jingle QuanfitjlOi^^ 
iring but omjvigle Viilue^ to wit ^z=^ ^?:=I6, aiid jf=30. 

N.B. 7f fi&^ Number of the given Mquaiions cxccccis fiS^/ 
Numier of the Quantities fought ; they not only Limit f Ai? fi«^- 
ftion^ hut oftentimes render j^ imfoffible^ by being profosd/^^ 
cfmfiftem one to another. 

. Ihmsigtruly/iaied the Quefiion in itsfub/iituted Letters^ ah(l 
found it Limited to one Anfwer (or at /^/i/? fo bounded as to have 
a certain determinate Number of Anfwers) then let all thofey«*j 
ftituted Letters be fo ordered ot compared together, either by 
Addingj Sub/iraSingj Multi flyings Or Dividing them, f^c^ ac-' 
cording as the Nature of the QUepion requiresy until aU the u^ 
ia<riidn Quantities except One, 2LTtc3LhOffot vanijbedy but therc-^ 
iff efeat Care muH be taken to keep them to an ^/ir^S? EjuaHtyi 
ana when that unknown Quantity, or forae Pow^ of it (a^ 
Square, Cube, See) is found Equal to thbfe that are ^wto« j theit 
the Quefiion is faid to be brought to an MqnationyZXi&confe^entlif 
to a Solution, viz. ^f f^^ for an Anfwer. 

But no particular Rules can heprefcribed fot the Caftin^'off,, 
ot getti^ away Quantities out of an Equation -, that part of 
the ^rf » only tobie obtained by C^r^ and PraSlice^ And wheijf 
diat is done, it generally happens lb, tihat the unknorvon Quan^ 
tity wbidi is retained iii tht Aquation^ is fo mixed ^ni eat an* 
ied with thofe that arc kn&om ; that; it often Requires fome 
Trouble and SAi// to bring it (or its Powers, Sec.) to one Sife of 
the Equation, and thofe that are kmwn to the other Side ; (ftill 
fcif^iw them to zjujf Equality) which the Jngenious MznScooten 
in his rrincipia Mathefeos Univerfalis, cafls ReduSlion b£ ^^2/^- 

The Bulinefs of Bieducing Equaiioni (as qf mofi\ if not all 
Algebraick Operations) is grounded and Depends upon a righc 
Application 0^1^^ Five ^;e?o/?75.propofedinPage 146, and there- 
fore, if thofe Axioms be vt€^ Underjiood, the Reafon of fuchr 
Operations muft needs Appear very />/^/>i, and the ^^ar^ be r^j?/)r 
performed) as in the following Seilidns: 

A a- &a. 
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aifieb^a« 



Part II. 



Seft. I. Of ReduStion by ja»ittOlt 
JReducliof^ hf Addition is grounded Axioms I. and is only the 
Tmnffofing (viz. the Removing^) of any Negative Quantitj from 
eiihtt fide dt mMjuatipa to cbc dfbajidtfy with the Sig^-jr 
before it; As in thcte 

Examfles. 



Suppofe 
Then 

For 




Again, 

Let I dd-^dzuc^Ad 

24-04 I 24J=^-4-rf 



Let 

1+4 

2+^ 




fiegifiered m tl^e Matpn^you wuift dratf 
d line aoer i^ r^ difim^utfh it from the 
other NkMftnri. M T tm the 2d Step of 
this ExsmpU. ^ 



Let 

:5 -f-2i<a 



4if — ^<r ^ isszJd-^ 2ba 
aa^-dc-dd-^Thc-^-h 
ds^==dd^ 2^4+5 4- dc 
aa+Tba rzdd\ b+dc 



Suppofe 
S-h-d 



7jd4'^d^=LCC.^^'2fl44 444 

444'^2d4^d:=:CC'^'^44 
444-^^b44^2d4^d=:Cc 

444'{'^ba44'2d4=rc+.dj &c. 



J Sea.l. Of JRedu^ion by fSHMttaaiott. 

ReduSHan by St^ftraSion is grounded upon Axi(m 2. and is 
fierfbrai'd by Vranhofif^ (or Removing) any Affirmative Qugn^ 
fity firom cither fide of the JEaustioff, to ^e other /<afe, wiUi 



Ihe Sign ^ before i^. 



Suppofe 
And 
X— .2 



Suppofe 

l—2ba 

2^dc 



4-d^ 



As in thele. 

* ExamfUsi 
Let 1134+4=6+4 
i-l 2 24-h4=6 

2—4 3*24=r6 — 4=2 



44+^r-fZ^==<aW+254 
44 — •254-j-^f-j" b=^d 
44 — 2ba-{rb±=dd — dc 

44— 2f4^=^^l^— ^r — 5' 



Let 
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Let 

I — ^bdd 
2—2da 

3^d 



aad-^=cc-\-:ibMa^2efd 
ddd'-'iida-\-d^€C^2dd 
ddd--^idd'^2dd\'d—cc 
dddr^'^dd^^2dd^=::.cC'^ d 



Sea. 3. Of Kdumm by fljNiltipUtatUW. 

FraBiond Quaniiiies in any Mquation, are brought into 
whole Quantities ; by Mukifying every Term in the Mfia^ 
Hon with the Denommtm of. die Fractions y fer Axiom ^ 
As in thefe ; 



Suppofe 

Then 

9 i> ' * 



Exampl^Sf 
4=6X5-SO. For i.X5= -^^''- =- 



Let 

1X2* - 



de 
6|« =^e 



Suppofe 



44 — idTzdd 



Suppofe 
2X« 



dd'^Ifc^ifi=^ — - 

4 

444+5^-4-i/4=^** 



■ I . I .. I I l. li I 'U- l' 



Suppofe 

lyidd'^i 
1X4+5 



444 __ gj— ^? 

dd'^Hb 4+6 

hddd^hhdd-'Vbld'^iiW 



■^»" 



Sea. 4. Of -Rfia^wa by S>ibtff0tt. 

When any a««»»''J ('«**«' *»««« *" mhuvm) is in every 
2>m of anijwtio* ; if the whole JEquaton be Dtvtdei by 
that Ugantiti, it will be H«*«f'rf into low^r r^rm^ f «' -<««« 4' 
As » Me following ^^wp/"^ ^ 



i8o 



!%lsel)?a. 



Examfles. 
Suppofe j I j Jtf ^+ hcaz=hcd\ Let | iba=7tf 



Let 



I [ffaa-Vffcaa^ffa^ffdaJtffdda 
2\/ia^caa^^a:=rda \'ddfa 



Part n. 



Or when the unknown Quantity is Multiplied (viz. Joined) 
with any th^t is t^ory.^ ; let the whole Equation, be Divided 
by the known Quantity, that lb the unknown may be Cleared* 
As in thefe 

Examples* 
t. Suppofe 



I 


ha^cn^=d 
d 


Let 


2 


'^h-^v 


I 

2 


ihaaa^2ih 

haa^ibasz 

d 


aa—ida^ 

'd-Yc 


ch'a 



cd—dd 



4^=- 



C—d 



= </. 



Suppofe 
2-=rh 



Let 

2-r4 
3-r 



jdaa-- 6aas=^ ha-^ ya 
yda + 6^z m Jr + 3^ 



Sea. 5. Of ReduSlion by KntMkltion^ 

When there happens to be an JEquationy between any bofno' 
geneal or like Surds ; Take away the Radical Signs fiom the 
Quantities^ and they will become Rational. As in thefe 

Eh ample s. 

Suppofe 1 1 j ^azzz^d^ I Let U j \ijaa=},jdi^^ ypet SeSl. 
I ©-21 21 4ss d^c JiO-jUr aa::^ dh-^-Jic f^Ch.'^. 



Or if one fide of the iSjw^f iw? confifts oi Surd Quantitiesy 
and the other y?rf(? be S^tionali Then Involve the Rational 

QuoMti- 



I. .. HL .11 .,, ■ 

Jfiuantiiies to the fame Pcmr (ot height) with the Ind^x of 
the Surd^ and take away the Hidmt Sign. As iii thefe 

Examples. 

Let \iWa-6 ! Suppofe J i j v^rt=J+r . 
^©-^Ul a-7,6 \ i©-2l2| a=hb^2bC'\'Ce 



I®-3l2i M — iazzJddl J©-5l2l AXr=i68o7. 



Sea. 6. 0£ ReduSf ion by tWution. 

WJicn any fiffgle Powers of the Vnknoum Cluaniity is on one 
pde of an Equation ; Evolve both fdes of the Equation^ accord- 
ing as the Index of that fow^r denops^ and their i^oof f will be 
Egud. As in thefe 

Efcamples* * ^ 

Suppofcl 1 1^/2=36 I - Let \1\aaas127 

, Iu^2)2l ^r=V 36=61 ltm3\2\a=:i^27:=z^y SCZ. 

&ppofe 1 1 jIT-l^ r-itot 1 Let j aaazzh^'\-'i^bhc-\-^bcC'\^^ 

Or if any Compound Power of the unknown Quantity be as 
one Side of t\it Mquation (thai haib a true BpPt of its ^ind) 
Evolve both Sides of the Sguaiion^ and it wijl be Deprefi'd 
into Lower T$rjjis. As in thefe 

Examples* 
Soppofe 1 1 j aa'^2ba+U:=zdd \ aa^2ba+bh^=sddcc 

■ .> ' '■ . --» , • ' * ' 

Here follow a few Examples of Clearing EauationSy whereii^ 
jll the foregoing HeduSlions are promifcuoufly ufei 
As Occa|ion requires. 

Example i. 



Soppofe 
1X4 



^J±£=l£^g-f± Whatis^=tq 



4 — * 









7uv2 



algebra. 

^■+■4 

a=J^^f'"'--^ As was required. 



Part 



Supple 

iX« 
2X354-:^ 

4-r4 



4 354. 



Ebcample 2, 

What IS the Value of tf. 



''+354= ^15^ 

1 25316 — /Z«=S34<« 

4<2<Z=:i253l6 

/z/i— 31329 

^ = ^'31329=177 the Value of tf rcquuci 



Example 3. 



Suppofe 

l®-2 

That is 

f^or 

And 

Then 



^4 4 4 

.i aa — 7,^ foa^ 

2 '^ 4 ^ 



v^3:HRxy^^=v3SiL* 



f 
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4 T 

/ + ^ 

7+ 

For 
'I3«»2 

14U92 



5 
6 

7 
8 

9 

10 
li 

14 
15 



aa 



2 
a* 



c —^ 4, 

_ >a4 , W£4 _ £2z2i* 
4 f "^ f f 4 

44 ■ IH* _ af~-9V xia* 
4 ■ ^^ "^ 4 ' c 



« • 4 . f 
rr *•' 4 f 

4^ — ^ 
4r -i- 4J X /i4 — 4?/!* — 4*^** 

^ = -/:V2f±»^ As was required. 



Byhdpof thefc ReduBia^is {properly applied) the mkn(m)» 

\ Quantity (a) or its Powers^ are Chared and brought to one 

SukdEBSiM^uatio^; and if the »«toot»« Qt^^fifjf (a) chance 

to be Equal to the jp that we Jfe««;«, the gj^<^io» is Anlwered. 

As in Ac fitft j&4»f/>fe of S^ff I. and 2. 

Or if ahy if »^fe Pow^r of the unhumn Quantity (a) is found 
£jiw/ to thoie^hat arc known, then the refpeBive Root of the 
hmm QuoMfities is tl^c Jnjkver 5 as in the firft four Examples 
of &S. 6. te. ■ 

Bet ^en the Powers of the unknown Qjmntities arc either 
«*^^jKith their Root^, As /^ ^- *^i = eii/, &c. Or do confift 
of JiflBW|kf(mwri; AsA«4-+-*^ = ^*/, «x. Then they arc 
uOedAffeaed, or AdfeBed Equations^ which require other 
Methods to refolvefhetHy y^ tofindoutthe Valueof C^^aslhaU 
beihcwedfurdieron. 



CHAP- 



184 9Lls^bta* PzTtJL' 

C H A p. VL 

Of p^opo;tiotial ^nntities ; both SLtiX^tUcni, ^m 
nietrttal, and ^nfical* • 

WftAT hath been fiid of Numhers in Aritbmetrkai Pri: 
gre^on. Chap, 6. Part l. may be eafily Affiled to any 
S^nV j of Homogened or £/Jlf Quantities, 

:;. , • ! 

Sea. f : Of Quantities in Arithmetical #r0sr^ati; 

Thofe Qusintitiei are laid to be in the mofi Sitn^?^ or Natufal 
Progrej^ony that begin their 5m^ J of Increase or Decreafi with 
^ Cipher: 
I Thus4^ : ^ : 2<« : 34 : 4/2 : 5/1 f 6ii : &c. Increajing. , 

Or Vniverfalljy putting ^i the firft Tmw in the Preffejjion^ and 
• e the cotim^n Efccifs ot Difference, . 

Then^^ : a^e : rt-f-s^ •' a+y id^^ : a-^^^e :n-^6e : &c. 

In the Firft of thefe Series it's evidenty that if there be but 
Three "Drms; the S»;w of ^t Sxireams vnHhtDouhk to tbe 
Mean.lS^^^'^^S^^^'f'.. 

As in thqfe, : « : ia : Or, ix : 2a i ynOt^ 2iZ : 3^ : 40^ ftCf 
rfe. 2^.+o=:tf +i2 : Or, ^-i.5^i-E:2/x-f*'24, &jc. 

Alfb, in the Second Series^ either Increaung or Deczeafiag,' 
it's' evident, that if the Ttrms be a ; a^e : ii4*2f, &c. w- 
cTeaftngi Then i2 4- ^ + 2^, «>/%. 2ii4-2^ the Siv;» of the 
Exireamsy is rfo«W^ to a-^-e the Mean ;t Or if they be iS : ^^--^ 
^ : ^ — . 2^, &c. decreafing ; Then^i + ^i-^ 2^ : wx- 2J — . ^ 
Che StimofthcEMtreamSy 'tis douhle to ^--e the Afe4«. And 
fo it will be in any other Three of the Terms. Se^ondljy if there ' 
are Four Thms ; then the Sum <rf the Two Extreamjy will be 
Equal to the 5i/i» of the Two Means. As in thefe, ^i za-he : i 
a^2e:a f^a^, in the Scries increafing 5 Hei;fB ^i •l-ii+5£!:=4-4-^ 
H ^1 *- 2^. I^Vt^ :(^o^#^ .• ^. 

Alfo in thefe, a i a — e x a ^2e i a -^ y in the Series 
decreafwgi here /l^-« — 3^ sr ^— ^ 4- ^_2^, &c. in any 
other Four Terms. 

' Confequentlyy If there arc never fo many, Terms in the Series, 
the Sum of the Two Extr earns will always be Eguai to the Sum 

of 
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*anv Jioo Meansy that are equally di^ani from thofe Expreams*'^QN>f' ^ 

And i£ the Number ot TItw^ be Odd^ the &« of the Two 
Actreams will be double to the Middle Term, &c. A^ in C^ro/. i. 
Cbaf.6» before-mentjon^; 

Confedary <• 

Whence it follows j (and is very eaj^ ioconsehe) that if fife 
Sum of the Two Extreams he muttiplied into the: Number of all 
the Thms iwtbe Shiesy the Product will be Dwble the Sum of 
all the Series. 

Now for the e after refolvingfucU Quefthns as depend upofi 
ibefe Progreffional Quantities. 

#- tf = the FirftJimy as before.-: . . 
\y 1=1 t\it Lafi Term. 
Let ^ ^ = the Common Excefs te. as hefore\ . 

/N=i the Numk^pf all the Terms/: . . , . . 

^ 5 = the Sum of m the Series, viz. af all the linrmu 

Then will /k 4" J ^^ -^— ^^ '^y *^ peeedent ConfeSaryt 

T)aathyNa + Ny = 2S, Confequently^^^^^^±3Sy ^t 

Sam of all the Series bs the TMns never fo mapy. • thirdly^ In 
thefe Scries it is eafy to perceive y that ^t> Common Difference 
(e) is fb often Added to the Laft Tlfrmof the Series; as ar^ the 
Number of Terms y ex^pt the Firft ; That is, the pirft Urm (a) 
hath no Liffetince Added tcrit, but the La^ THm hajch fo maaf 
times (e) Added to ity as it is difbnt from tlie /^/>^. 

Confifquenthy the Difference betwixt theTbo Extreamsy is only 
the Commm Difference (e) Multiplied into tht Number of all 
ti^TermsLefs Unity or i. 

That is, A^— t%essy ---ay the Z)(j(^rtf»f^ betwixt tfielfca 
Extreamsytiz. Ne^ez:zy^—a. 

^ Confefiary 2. * ^ 

Whence it foUomSyihat if the Difference betbxxt fh^ Twd 
Extreams i^ Divided by the NunAer of Terms Lefs i. the Quo^ 
ftent wiH befbe CommonlOtfference of the Seriesi. 



B i Now 



i86 



2llQCl)jt0U 



Partm. 



. Npw bj the Help of tfide Two CoHp€idries, ff any fV&re* rf 
the aforefaid Fi»^ P/irf j (in;^. a.j. e. N. S.) be ^vefij die odiet 
7bw may be e/.ftlj found. 



Thu% 
And 

1X2 

7-tN 

5, and II 
JaxA+jr 

t4 X 2^ 
I'y—ae 
l6—je 



2 

4 
5 

6 

7 

8 

P 
( 

10 



•f—a-—- 

L — — ^ 



TT 






II 



12 



I? 



j r . a ) < p 25\ 



J7-r 

?+« 
Ip+e 

7P—Ne 



H 

i6 
17 

i8 
IP 

20 
21 



fl^aa .HJ-,, 



AH-A^=2S 

2^ =j r&f 74>? I*rw«" 
A5i:=:2S-i^ 

N 

^ zsN Tbtf I^mieit 9f Tims. 



Of 



.ti2=;'S Tbt Sam tf aS iBf ^eiia: 



jry—Ai-f <w4jr?=;2 Sf 

jrjf-«M=:2S(f— 4f— jrr • 
^LZ^sse The Couimtti^trence. 



2S—a—y 

J^e-^e+assy The Ufi Term, 

AH-«=5hk 

jr4*— MsssB Tbefrfiltm^ 



In like Manner you may proceed to find out anTortHe t^ve 
SUttattitiej '---»'•'•'-•• ■ - — - 

Comparir/g 
frodme new 

I fluO 
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I ihall here omit furfyin^^ and leave them foe the Leanufrg 
TraEiice. 

Seft. 2. Of Jluaitfitif)! in Geommicd PtopMion. 

Geometrical Prop&rfion ctmtinued has been already Defined in 
SeSi^ 2m Cbap 6. Part i. And what is there fi^id concerning 
lumbers in 42. majr ealily be applied to any Sort of Homogened 
Quantities that Vixtm^. 

Xhe moft Natural and Simfle Series of Geometrical Prof^^ 
tlonais^ \& when it begins with Vnii^ or !• 

As I . 4 • 44 • 444 • 4444 . 4* • 4% &c. in 4f 
Pof ly : 4 :.-4 : 44 : : 44 : 444 :: 444 : 4444^ &c. 

^y. , hi hhh hhhh b^ 

^^^•^• — r— 7- 8cQ.wteTlnwsm% 

4 44 444 4^ 

For 4 : ^ : : i: „ : : : : : .^ : .^ : : —• : ^ - 

4 a 44 44 4^ 4' 4^ 

That is, when all die midile Terms betwijct die Two Extreams 
are both Confequents and Antecedents^ that Series is in Geomc 
tric4l Proportion continued. 

Therefore in every Series of Qu4ntitfes in -H- all the Tkrms 
except the Lafi are Antecedents ; and all the r^n»i except the 
/^ifV? are Confeguents. 

But UniverfdUy puttii^ 4 the FtrA T^rm in the Seriflt3, 
9adeihtR4tioj x;/z.tbe Common Multiplier ^ otDivifor^ then 
ituqllbe . ' 

4 .ae .^ee . 40ee « 4^^^^ . 4^^ • 4^. &c. in ^ 

ur# -—•—•■;• 8cc. arc inft Deer, 

^ .^r ^^^ eeee e* 

For 4:4^: : 4^ : i!^ zs4ee^AG. 

4 

e e 4ee e$ ee ee eee 

I. In any of thefe Series it is evident^ diat if Three Quan^ 
Uties are in ^ ihe/le^4ngle of th^ Ttoo iSxrr^4i»f will bo 
F^4/ to die Sji^4r^ oi the M^4«. 

As IQ thefe^ 4 f ^r. 4^^ here 4y,4ee :;ff; 4^X^) = ^^^* ^^ 

filf? Of 



i86 



aigd)^ 



Part IL 



N<?w by the Help of didTe Tvoo Confe&drieSy tf any fbtee of 
the aforefaid Five Parts (vt:(, a.j. e. N. S.) be ^ve6 j the Otha 
7b» may be etftlj found. 



Thu% 
And 

1X2 

5,an5ii 
J2x«4^ 

I?-}- 2 

t4xi2^ 
15— «• 
16— ye 

17-r 
?+« 
ao— ASf 



iM:^=5' 



y— ^— "__. 



^^* J^r. 



TT 



y^-n—Ne—e 

ZifZf = i^ TAP NiaHberff HHiu, 



9 

10 

II 

12 

14 
«5 

17 
l8 
IP 

20 
21 



AH-J^=25 
2S—Na 



^ =y TA? 7rf)? 3>rw. 
Ar«-2S-A^ 

^iz^aw The frftTim: 
N 

^ z=N Tbi Ntaaer 0f Tirms. 






>y-M .Hj^-«., 



, Zl?=-S Tb0SQmtfaJi ibe Series. 



tf-^^ ^e The CoMufiDiffirencf. 



2S— tf-«V 

Ne--e+as:j The 1/fi Term. 

A5f-f^=5jf4"^ 



I I ■ I I ■ H I I m i I III I fH ^ JHfltmitmmm^^tmm 

In like Manner you may proceed tb find oiit any of uie Hve 
Uttantities (a. e. y. N. S. J ocherivays,^ viz. hf.Var/ing or 
Comparhg (£ thofe Equations one with >anotber) ydQ fnMy 
frodme new MqiuitioTts with other JD^if^ in thfem ; the which 

I IhaO 



ch^p.6. Of i&;topoiftonaf iflDttantitteg^ 187 

I Ihall here omit furfmn^ and leave them foe the Learners 
FraSiice. 

Seft. 2. Of iHuantitioi in Geometrical Proportion. 

Geometrical Proporfion continued has been already Defined in 
SeB. 20 Cbaf 6. Part I. And what is there £|id concerning 
Numbers in &t may ealily be applied to any Sort of Homogeneal 
Quantities thmxt in ^. 

TIk moft Natural and Simple Series of Geometrical Prop^* 
tionais^ h when it begins with Unity or i. 

As I . 4 . 44 • 4M • 4444 . 4* • 4% &c. in 4f 
Pof ifz 41: a I aaii Ml MaM :: 444 : 4444^ &c. 

^^•^• — — •— &c are Tfcw»iin# 

4 441 aaa 4^. 

^ . . bh bb bbb bbb b^ b' b* 

4 a aa OM a^ 4^ a^ 

That b, when all die niddle Terms betwixt die Tooo Extreams 
are both Con^equenfts and Antecedents^ that Series is in Geomc^ 
trical Proportion continued. 

Therefore in every Series of Quantities in -H'dtHtiKTkrms 
except the Laft are Antecedents ; and all the ferms except the 
Fir/i are Confequents. 

But UniverfaVy pottii^ 4 the Fir/I T^rm in the Seriflt3, 
and^tbei?4^io, i;/z.die Common Multiplier ^ otDivifor; then 
itw^lbe 

4 .ae .^ee . anee , 4^/^^ . 4et . 4^. ato. in ^ 

ur# —,.— .^. g^c. arc inft Deer, 

^ .^r eee eeee e* 

For 4i4eii4ei ff^ s=4tf/,&c 
4 

tf e 4ee e$ ee ee eee 

L In any of thefe Sei^ it is eviieia^ diat if Three Quan^ 
titles are in tt xhtRecl4ngle of the 7^ iSxtr^4i»f will bo 
F^ to die S^4r^ of the Mean. 

As in thefe, 4 ,• ^r. ate here 4X4^^:^ ^^X^^j = ^^^- *«^ 

81^3 Of 



J^:^^o«^9.«amies are in in if die ReBMele of the ExtretmH 
ynHheE^al to the J£eaa«gleQ£ the A^eMs. 
^ As in thefe,« . 4^ . ^^i- . gffee . here 4 x 4ei=de x 4^^.' 

Cj,«/.^,«,7^ If there are never fo manyTJrwin the&ri., 
% S / f^^««/^ of the Bctrems wiU be Equal to the 
fiSS *"^ ^ - **' "^ ^'^^ */?^frwn tbofe 

As in thefe, 4 : 4^ . ^* . 4* ?^ . 4f » &C. 

VIZ. 4^' X 4 = 4** X «^. Or 4f^x 4=4^^5 X we^aseK 

- JJfK "T", ^° f^"y. Q"«ltities arp in «• it wifl W As am 
*n / ^* ^«t/"'ients is to its Co«/-^^,rt,. So is the &»Tf 
aWtbe^«;«^^<.a^,, to the &««of ^ ^Conf^^T ' 

^.Me.^e. seee . ^eee . «•', &c Increafing. 
As in thefe,< 4-^444 

^ e ee eee eeee ef *°* ^ecreafing. 
4 : <f : ; « -f4?+4^^+4.!i 4-4^4 : 40+ Me,Jf-ae^J^ai* 4.46? 
* .*.** «< 4 4 4 4^ 4 




Or4; — ;;*|^^__),__^ _ ^ ^ 

' * ee e^ e* e' e ' #<? ' ^» ^ e* e^ 

m^x *H-«^^+4.^+4.4+4.'+=.4r x 4+4^+4^^+4^,+^. 

Con^ 



s Chap. 6. Of l&?opo?tional €)uantittciEf. 1 89 

:l ' », i , - — 

Gonleffciry. 
IT&^y^ Things leing fremifed^ Juch Mquations may he deduced 
^romtbem^ as will fotve all fuch ^.uejiions as are ufually propofed 
iibout Quantities in Geometrical Pro foriion tf In order to tbaty 

> as before. 



Let 



[a— The FirftTi^rm 
^— The Common Ratio. 
7=The Laft Term. 



j3=l -^ 

^ 5=The Sum of all the Terms. 



Then S— ^nithe Sum of all the Antecedents. 
And S— iz=the Sum of all the Confequents. 

ae : : 5-^y : S—a Per the III. of this SeS. 
Sa — a4^aeS — aej 
S^a^=:eS—ey 
S-^-eyL^zizeS 
ey^a^=^S^S 

y±llz=S,The Sum of all the Series. 



4nalogy, 
iv 

4-5 



10 — ^5 



zZ:^:=ze The common Ratio. 
S^y^ 

^^^^-^-^y The LaJiT^rm, 
S+^^-^S~4 The Firft Time, 



Note^ The •/ fet in the Margin at the fecond Step, is mflead 
of fiir^o; and imports that the ReSavgle of the Two Extreams 
in the Firft Stepy is JB^/z/ to the ReUangte of the A/lf^Vj. "^And 
fo tor any other /'ro/>arf//)». 

Scfti 3. Of ^mmM^Proponion^ 

Harmonical oxJMuficaf Proportion is, when of Three Quan- 
tities (or rather Numbers) theFirJi hath; the fame Ratio to thci 
Tbirdy As ^e Difference heiween the Firji 9nd Second^ hath to 
the Difference lietween the Second and Third, As in thefe folT 
lowing. 

Suppbfe 4j byC isiMuJical Proportion. 
Then 1 1 \a : c': : b-^a : e^b 



2\c 



fd^Af^^— 



^ 



H- 



ipo 

2r\-C4 



aigct>?a> 



Part a 



3 1^^=24^^— ^4 

41--^ =-4 TbtFirft Term. 



2C—t 



2Me 



:=:h The Seamd Tbrm. 



2Me^ch:=.td 



24—^ 



—cTbt Third Tt:rm. 



If diereare FcurTbrms in Mufical ProfUfrfim^ the FtrftlaA 
die lame IMio to the Fourth, as the DiffereTtcehecwecn the Favyl 
and S^roM hath to the Difference betweeu the Third and Fourth* 

That is. Let 4. ^. ^. i be the Fo«r Tkrms, &c« 

4:i/;:^u— 4:^— r 

dbz=:2ds'^C4 
b 

b=z^^frfl 
d 

db-\'CMz=2da 
Cdj=i2da'^db ^ 

2^4-^4 • 



Then 

I V 


I 

2 


3-r2rf-<- 


4 


3^4 


5 


n 


6 

7 


7-r* 


8 


7^M-* 


P 



^4 



24— t 



»/ 



CHAP, vn- 

0/ Proportion SMfjOtttf, and htm to turp iilquations 
into 0iialogtf «, &C. 

Proportion DisjitnS^ or the Ride of Three io Nuniers^ is 
already cx^ain'd in Cfej^. 7. Porf i. And what hath been there 
faid, is appKcaUeto all Homogeneous Qoantidefl^ y/z. of lines 
toLines,&r« 

Sea. X. 

If Four Quantitiesy (^iz. either LbeeSySuferficier^ or Solids) be 
Proportiofial: die HeSan^Ie oxppich^idcd milieu, cbe Mtfreamij 



i 



rhap,7> Of |^?ppo>ttonal i^ttantitteg^ i9t , 

^ equal to the ReSlan^ compicheaded under the Roo Memi^ 
(16 Euclid 6.) ^ 

Forlnftancc, Soppote, a . V.c .d .to reprefeot the F&ur flb-. 
mtigffftedl Quantities in Proportion* 

viz. a:i::c:d. Then wffl iwf -ftf. 

For Suppofe J:=r2« then wiH 4hs2e. 

AnditwiUbetf :24::r:2^ Hetethel^of^iss. 
but a%df^z=:ia%t. viz. 2fA=2ac. 

Or luppofe ^=:}tf then wiD ^rz^r. 

And it will be /t : 34 : : ^ : 3r. Here the £/zlJo if t^l 
but tfX3^=3«X^* «''«• 3^^=3^* 

Or UmverfaHy putting f for the i?4f/i» of the Prt^irtiofg; 
idz. making ^»i^, then will ^::=rr. 
And it wQl be ^ : ^ : : ^ : ^ 

Gmfeguentlj. ad—hviiasiivnistohefroved. 
Whence it follows, that if any Three of the Four ProportiofuH 
QuMiities be ^ven, the fburtb taof be cssfily found. 



Thi», 



Let 

I V 


I 
2 


2-^d 


3 


«-a-* 


4 


2-T--^ 

* 


5 


2-5-« 


6 


, 2^*^ 


7 


0t3i«f 


8 



4:J::r;^. Then 
4^j£;^ as before 
le 

r 
r 



«f f '^ Note, In ^bis TOanner Eudid, 
■J ^*?!f y« ^'^ 5'* ^•oit, exfr^Jps the Ratio 
'4/ Profortiondl$y tia. tl^^ iP/itio 0/ 



If «nr<iif4»fi/fW 'tae FrofbrttonHs they wffl alfo be F*re,- 
fortional in Alternation J Inverjion, Compofition^ Divifwn^Con- 
verfoJi, miMifctlj. Badid^. Def. 12, 13, 141 15> i<5. 



That 



1^* 

That is, if 

Then 

And 

Alfo 

Or 

6.' 

Again, 

8v 

Or 

10 V 

And 

'.. 12 V 

Laflly 
15.+ 



aigeft?a* Partin 

ait ::cidhei>i DireB Proportion^ as before. ' 
a: c ::hid .Alternate. For adz^e 
h:a::d:c Inverted. For adz=:i( 
a-^k-.k:: e-\^ (Vompounded. 
da-\-hd=:hc-\-hd That is, ad^lcy as bcforei 
f -ff '.('.'. h^d i d Altemaelj Compvunded. 
ad^cd=:l'd^cd Thath, ad=h, 
a—h i t ; : i'^did EHvided. 
ad—idzple-^ld That is, ad~lc. 
a—e <e:: k—d : d Altemateh Divided, 
ad-cd=kc^edTbati3, ad=bc. 
a : i±a iic. d±c Conterted. 
ad±M=^hc±aci:[a)i is, ad=d>c. 
a-\4 :a—f7: e-^-d : e—d Mtxtly 
ac-ad-\-h-.hfksuic-\-dd—l>i^M 
2l'c=2adi That is, ad=ic As at firft. 



Note, Whit haf been here doae about whole Qiumtifies ia 
Smple Proportion, may be eafily perfona'd in FraSional Quan. 
titles ; And Surds^ &c. 

For Inflanoe, If ^ : l^^i::^ and if itbereqdredto 

find the Fourth »rw, 

dd — cc ., •, , » ♦ 

the Rcaangle of the Meaas ; wjiidi hang 



it will be ' 



77- 



- V 



Divided by the Firft Extream fl* it will become 

al ^ dd-(c fdde-ecc dd-^ec , ' 
'T j~f c-\ dbfc -^ -^' the. Ftf«i^ Term. 

Or if ^ : ^bd-^bc : : ^^Uj\-lc : to z^Eifurtb Tehn^ • . • - 

Thenis, yw+*fXVi»f Jr=W+if ;the Reajoiile of the 
Me^s, And V) W+fc (</+. the ^o«n|. Tem^T ^ 

Thatis, J:^l5ZF::v'l^:F3?!rf+tf &1X •- , .:. 



Sea. 2. Of SDniilt'caie and rtiiiKcate le^opojfiwi; 

fJJlfrfr'''"'*'^'^^^'"!^*^^^^-'*. aretofaenriacr- 
ftood when £.«^,. are compared to Unes, a^ Supetfid^ to 

Super. 
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Superficies ; or Sofids to Solids^ viz, when each is compared to 
that of its like kind, which is only called Simple Proportion. 

But when Lines are compared to Superficies^ or IJnef are comr 
pared to Solids^ fuch Comparifons are diftinguithed from tlie fqr- 
mer, by the Name^ of puplicatCy ^nd triplicdte^ (8cc.) Propor- 
iions ) ip that Simple ^ Duplicate ^ and Triplicate y &c, Propprti- 
ens are to be underftopd in a different Senfe from Single, Double y 
Trt^kle, 8cc. Proportions j which are onl^as i, 2, 3, 6^. to 15 
but thofe of Simple^ Duplicate^ Triplicate^ &c. Proportions^ is . 
that oi a . aa I aaa ., &c. to i. Or if the Simple proportions 

be that of a to h^ whofe Ratio or' Exponent is -^7- or -*- 



r aa 



a 



Then-T- X 'T^'jr ^ ^^^ Exponent of the Duplicate. 

And T Xy X "T = Ti is the Exponent of the Tr. Prop.r * 

And if there are Three ^ Foury or niore Quantities^in -H-, as 
I .a .aa. aaa . /2* /z% &c, (As in the Firft Series j Seel. 2. of 
the lafl Chapter.) Then, that of the Firft to the Third, Fourth, 
and Fifth, 8r. (viz. i To ctfi . aaa. a* . ai) is Duplicate, TripH- 
catCy Quadruplicate^ 8cc, of the Firft to the Second (viz. of i 
Toa;) Anihy Inverjion, that of tlie Third, Fourth, Fifths is 
Dhplicniej TripUcatey &c. of that of the Second to the Firji 
(a To I) per def, lo- Eucl. 5. But the Name of- thefe PropoK^ 
t'lons will appear more Evident^ and be eafier underftoood whe;! 
they are applied to Pra£fice, and illuftrated by Geometrical F/- 
gures. Further oji. 



Seft, 3. How to turn Equations into 0naloo[te£^. 

• From the firft SeSion of this Chapter j it will be eafy to conceive 
how to turn or diffolve Equations intq Analo^es^ot Proportion:. 

For if the i?f fif/2^^/^ of Two (or more) GluantitieSy be Equal - 
to iht./ie£tavgle of Two (or more) Quantities ; theii are thofe . 
Four (or more) Quantities Proportional. By the 16 Euct. 6* 

Tliat is, if ab - cd. Then isa: c : : d : b . . ' 

Or c : a; :b:d 8lc. 

From whence there arifes this general Rule for turning ,^qua* 
ims into Ana!d^ies . 

C G Rule 
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Rule. 

Divide either Side of the ffven Mqualtion (if if can ie done) 
inio Two fucb PartSj or FaSorsj as hervg multiplied together^ 
will produce that Side again ; and mate tbofi Two Paris tbe 
Thvo Extreams. Then Divide the other Side of the Xquatiom 
(if it can he done) in the fame Manner as the Firft was, and 
let thcp Two Parts or FaSors he the T%oo Means. 

, Forliiftancc, ^ipfdk'ah-^ad^ld. 

ThtnaihiidihJ^-d. Ot h':a:ih-\-d id 8c(U 
Or taking ad from both Sides of the ifqoations, and 
- It will be nt—hd^ ad. Then aid :: h^a i h. 
Or, h\ d :': h—a : a &c. 
Again, fuppofe aa-^-iaezzzihy j-^y. 

Here a and a^2e arc the Two radtors of tbc Firft Side in this 
iEquation; for a-\-2ey(,a^=^^n+2ae. 
Again, y and 2t-+jf are the Two Faflors of the other fide. 

Therefore, aiyii ih-^-y: a-^ze. 
Or 2h'\-y : a-\-2e iiaiy Sec 

When one Side of any iEquarion caa be divided into Two 
FaSors, as before ; and the other Side cannot be fo Divided, 
then make the Square Root of that Side eicher the Two Ex* 
ireams or the Two Means. 

For inf.anc e, Sop pofe lc-\^=^a-\'g. 
Thc nhij da+g : i ^d\ g : cA- d. 
Or slda-^g ih :i c^di ^da -\ g. &c. 



Of ^ubfiituttotf, and the Sohtion of ^liaQ^tUfc 
S^, I. Of fiuhttitution. 

IT7 HEN new Quantities not concerned m the Firft ftating of 
^ any Quejiion^ are put inftcad of fome that are engaged in it, 
that is called 5«^y?ffaf/()«. . 

For inftance, If inftead of ,^hc^dc you put z, or afny other 
Letter, 

That b, make z r: ^hc - dc. 

Or 
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■ $ 

Or fuppofc aa-{-l^a — ^^-j-^fo=rfr, inftead of ^^r-j-a^ put s, 
or any other Letter not engaged in the QueftiofZy 

Viz. j~A— f4^« Then ^^-^j-^rr^r.; 

Xhat is, if ^ be greater than i^+^, it s aa-V^sa rdc. 

But if h'^d be greater than r, Then it's /i^-}-J<«=:^r. 
. And this way of Suiftituti?7g or put^ng .of n^w CludntitiPs 
inftead of others, may be found very ufeful upon feveral Occa- 
fions ; viz. in order to make fome following Operations in the 
Queftion more eafy, and perhaps much Ihorter than they would 
be without it, as you may obferve in fome QueJiioNi hereafter pro- 
poled in this TraEl. 

And when thofe Operations j in which the Suhftituted Quanti'^ 
ties were aflifiing or ufeful, are performed according as the Na- 
ture of the Quejiwn required, you may then (if there be Occa- 
sion) bring the Original or Firft Quantities into the Squation^ 
in the Place (or Places) of thofe Suhftituted Quantities^ which 
is called I(eftitutiony as you may fee further on* 



Se^. 2. The Solution of ^uad^atick jEqaattoitK. 

When the Quantity fought is brought to an Equality with 
thofe that are known, and is on one Side of the Equation, in no 
more than Two difierent Powers, whofe Indices are double one 
to another, thofe Equations are- called Quadratick JEquations 
AdfeEled-y and do fail under the Confideration of Three Forms 
or Cafes. 

Cafe I. 44+2^^=*0 cd^'^2ia*:=:id<:. 

Cafe 2. aa-^2haz=:dc.^ And ^a^-^iha^—dc. 



Cafe 3. iha-^aa^^dc.^ c^ha^ — a^^dc. 




AMb ^ a^^^Jha^ -de. > And ^ a^^2ha'=zdc. > &c. 
i2ba}—a^:=:idc.^ C2ta^ 

When there happens to be more Terms in one of thefe kind 
of Equations than Two, and the bigbeft Power of the unknown 
Quantity is Multiplied into fome known Co. efficients ; you muft 
Reduce them by Divijion; as in 5^^. 4. of Chap. 5* and for the 
PraSlional Quantities that may arife by thofe Divifions, Suhfii^ 
f«f^ another ^«^»f/Vy Doubled. -^ %-' ' . 

For L)ftance, Let baa \ caa^ca^daxidc-^ch. 

rr.- ca-'da dc+ch . c-d 

Then /j/i— — r = -t-t — make -r-i — i=:2Af. 

b^c b-fc T-p 

C c 2 And 



1^6 



aigeD^a. 



Part II- 



And if yeu pleafe, for TY^ put 



r. 



Then will na^2xaz=:z be the new MquAttoHy equal to the 
other, being now fitted for a Solution. 

Now any of thefe Three F&rms of Equations bdng thus preJ 
« pared for a Solution ^ may be reduced to limple PortDers by call- 
ing off the Second or iMeft Term of the unknown Quantity ; 
which is done by Suhftitution^ thus, always take half theknomn 
Co-efficient, and Add it to (Cafe i.) or Subftraa it from (Cafe 2.> 
its b cllow FaSlor ; and for their Sumy or Difftrrenccy Suhfiitut^ 
another Letter. As in theft. > * 



Let 

Put 

2 and 6 
7-^ 



' /2^ -|- iba^de Cafe i. 

aa '\»2ha-\-bh:=:ee 
hh—ee — dc — 



5 ee^= bh^de 
6ie:=^tb +dc 



Per Axiom 5. 



tet 


ll 


Put 


2 


2©- 2 


3 


tj— I 


4 


4+rf. 


5 


5a»2 


6 


2, 6 


7 


7+* 


8 



aa-'^2ha^=:dc 

a^h^e 

aa — 2ha+ih—ee 

eez:z do\-bb 
e:=z^dc\ 'bb 
a — hz^j dc^ 
a:=ih^^/T^b 



Again. 
Cafe 2; 



In Cafe 5. From half the known Co-efficient Subflraft its 
FeBowFaflor, 



Thus, Let 
Put 

2®h2 

4— ^r 



2*^;*-/7/2=r^ 

b'-^a-rze 

lb — iha'^avzzeB 

etrssJfb-^dc 



Sim 2 



I 

[ ■■ • 1 V ft * "***— *'*^**^^— i^*W^— iW^^i— i— — — ■^■M— ^— — »> 



5««*2 6 

(2, 6J7 

7+^8 



t-zz^hh — dc 



8 — ^^^&x:.\9\a-=ib,^^h'b—ac 



^ 



And this Met hod holds good in thofe other Equations j wherc- 
th^ *«M Pow^r^ arc a\ ^«, ^% &c. As for ufbncc. 



Let 1 

Put 

2®-2 

5uv2 
2, 6 



<+2Ji=^r Cafe I. 
ee=ibb^dc 



z:^y/bb+dc 



a^^Jbb-^cx—b 



The lame n^ay be done with all thsrefty Car^ being taken to, 
Addy or SubftratI, according as the Cafe requires. 

But all Quadratick /Equations mny be more eafily Hefohed by 
Compjeating, the Square^ which: is grounded upon .the Conjideration 
of kaijing.d. Square from any Binomial^oi Refidual Root^ 
(SeeS^(5?. 5. C*^/^. I.; 

riz. if ^+* bc^nvohed. to 2L Square y kWiUhe aa'\^2ba^bi 

And if 4--«^ be fo involved, it wiUbe ad — iba-^-bb 

Whence it is eafj to obferve, that aa-{-2ba=sdc. Cafe !• 

And aa — 2ba'=zdc. Cafe 2. Are ifnPerfeEl Squares, waiting 
only ib to makethem Compleat. And merefore it is, that if half 
Ac known Co^efficient be invphed to the Second pQ^r, and the 
Syw^r^bc ^irf^rf to both Sides oi the Equation, the Unknowft 
Side ivill become a Vompleat Square. 

Hence A^y* iht' Co^effxisnt aS 
J, which being fjuartd^ 



Thus Let 

• --But 
1+2 

3uu2 



bb:sibb Inbb: 
aa-^iba-^-bbi^dcJ^bk Cafe 
^4-t=:^rff^-i*'' As before. 



I. 



ipS 



SLlQthia. 



Part lid 



Again. 
Let I aaf^iiazrdc Cafe 2. 
But 2 i'^ssW 

3w2l4'«— J=V^fc+W"acc. As before. 



ButinCafe 3. you muft change the Signs of 
the Mquation^ 



i the Tlrmf in 



Thus 
Then 



2ba^aa=zdc Cafe 3. 
aa — tba^-lfb-zzlh^dc &c 



And this Method of Comfleafing the Squiere^ holds true in thofc 
Other JEquattons. • 



Viz. 

For 

1+2 

3ao2 
4 — ^^ 

%UU2 



1 1 <^4/l^z+2*^=:A Cafe I .' 
2 W=?'5 As before. 

4 ^.-{-^=J^-j-*J 

5 laA=z^dc-\~hb : ,m^ 

6\a=^ i^dc^hbi^h And fo on for the rcfl. 



a^+Thtad-Oc As before. Cafe i. 

hksibi 

- — .4 aaa^b-=^dc-\^bb 
4-* 5 \aaa= J^+ib:^b 
5«i3 16 |«i V .• V^^+*^ : - 

f ■ 




'&C. 



d;f> 



CaccHatj. 



Jience it s^ evident, that wbatfoever Method is ufed in fohhji 
ibefef or indeed any ttker), Aquations, the Refultivilffttilhi 
«fte J««e, ifjbe Work he true; at you mat oiferve from the 
Oferatms. oftMs. Seakm i For both thfe Methods here propo. 
fi/l give the fame Theorems in their refpeSIive Cafes for the 
yalueof(«). '■■: ■ ' . . ■" ■ ■ ■< ■' 
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Thus, when aa-^ ^it^di Then 
Theorem i. if=i/rf<f-(-J5 : — S 
•And when aa — Tbti —d^ Then 
Theorem 2. a=i \- 4J dc-^ib 
Again, when ^a-^-^az iidc T hert 
Theorem 3. tfi=5 — ^ii^dc 

The like Theorems may be calfly r^ed for the relfc 
I • • • 

If the known Co.efficienU ( of the Second or Loweji Term ) bi 
any Jf^^f^^ Quantity^ as ^/a^J/ir=^, te. Then is.|. i its Hi2[f, 
and 5f iS will be the Square of that Hdf^, That is, {i x \i=i\hb. 
And then the Work will ftand 



Thus 

2aiu2 



I aa'\'da:=dc * 

4 ^l=:^//f-f^{5:— 1£. And fo for the reft. 



Note, C n fJaced in the Margin againft the Second Stepy 
fignifies thai the imferfeSi Square da-^ba in the firft Step, is 
there comf leafed j viz. in the fecond Step. 

Now by the help of ±efe Theorems ^ it vtlUXhteafy to Cdcu*^ 
late or find the Value of the unhu>wn Quantify, {a) in Jyumbersi 

Example i. 

Suppbfe /m4-2J^=z. Let 5^i6. And z=:4644. 
Theri a^^Jz^bb : —5 f ^r Theorem i. 
But z-fe^7r4644+256t=s4900 And ^ 49CX)=s70 
Confeqaently tf=70— 16, viz. 4=54. 

But every AdfeSied Equation, hath as many Roofs (or rather 
Values of the unknown Quantify) cither A?^ or Imaginary,^ 
are the Dimenftons (viz, /i&^ /»i«'A:) of its higheft Power; and 
therefore the Quantity a, in this M^ation^ hath another fW«ff 
eidicr Affirmative 6t Negative ; which may be thus found. ^ 
The given Mquation is ^-|-22^=4644» and its Root ^=54.' 
Let thcfe two Equations be made Equal ox Equated to Oj 
viz, to Nothing. 



irhu3^ 



Thus, aa^:^2a — 4644=0 And ^^54—0. 
Then Divide the given Mqunliqn by its. firft Rooty and thQ 
fiuotient will Jhew thtfeconi VAke of ^. 

Thus, A— 54~o) i2^+32/i-^4644~b (/i+86=C) 
^/« — 54/j 

* 86^-^4644 

' . .. '. - • (^>.... 

Hence the Second. Value of a is = — .86 Or 86 =— -. i« 
vgihich feems impoj/thl^ey viz. that ah jiffirmaiive duantity Ihould 
be J^^/ to 2L'm^aUve, QtiaTtHij ; yet even by this S^^op^a Vaht^ 
of ^, and the fame Co-effici-eniy the true (or firji) Equation tdzj 
be formed. 



Thus, Let 
I ©- 2 
1X3,2 

24-3 



r n^^U 



aa—^y^p6^ viz. — 86X— 8i5= +-7396 
32^::=— '2752 
/7/»-h32^z=4644. As at firft. 



-^ 



£xnm'fle i. 



Suppofe 
3+35 



aa^ya:=- P48,75 Then /?er Theorem 2. 

/z^--7ii+^-J~948,7')+'*-4-96i 
3 «— J (Or 3,5) = -^961=31 
4/1-314-5,5=34,5 



Again, for the Second Value of ^, . 

Let 'aa — 7^ — 948, 75 — o. And a — 34,5 = o 
Thgi, a -- 34,5 = o)aa'^7n ^ 948,75 ^ o(ii -+- 27^5=0 
Confequently'this fecond Viuue is ^^rr -^-27,5 
which will form the Original ^^dtioffy ad ;- 74 = 948,7$ if 

it bp ordered as the laft was. 

•.'■'■ • ' ' . • ■ > 

Example :j. ' 

Suppofe i>6 a >^ ^^ rr 1^3 Then per Theorem 3. 
41 rr 18 — V 324— .24^ viz. hd]£2& fquared is :}2^ 8cc^ 
Th?t is, ^7=t8~ v^8rbut,J.8i=:9. . 

Therefore a ziz j8 — 9 — ^. Now this Ti&fr^ Form is called, 
an Amhiguous Mquation^ becaufe it hath Two Jffirmativ^ 
Values of the unknown Quantity (a)y both whicH may be found 
ilfithout fuch Divifton as was ufed before, 

for 



• Fopia this Cafe, 4 = i8 + V S^i^ viz/ 4 = 18 -4- 9 = 27* 
Or, 4 = 18 — 9 =: 9, As iefore-; And both thefc Falues of 4 
;nre effir^rf^ fntey as to forming the ghren JEquatiou ; 
Ptz. 1^69 — oAz^: 245. - For if 4 :== p, dicn tfj =: 81, attd 
3^ = 524; but 324 — 8l = 245, ihcreforc4 = 9, 

Again^ if 4 = 27, thca will 4^ = 729, and :?64 ^ 972 : 
ftit 972. — 729 = 24 J,, confiquently it may be, .« = 27. 
No«r ^tis^ Qf tlieife Valiaes ot a maj^ be found by Livifio^^ 
as diofe were in the other Two CafeSy one of tbeai, being pirfi 
foand hj die Tbecrem. 
" Thnr, • let j6*— 4*— 243080 Arid 9-/1=0 
Thcnp— <3s=o) 364^^^—243=0(4—27^0 
J 9^1 — aa 

27^— o — 243 
^7 ^ 243 

(o> (0) 

Heacc, if 4— 27=0 Tbcntf^27 As before. . 

Notwichflandingall Quadratick Mquaiions, of this Third Form 
have 2feo Affirmative Roots (as in this) yet but one of tbofe 
Rooi^ will give a true Anfwer to the Queftion. and that is to be 
fi&ofe« according to the Nati(re and limits oi liitQuefiion^ as^ 
ihul be fhewed further on* 

Sbelium. 
From ibe Work of the Three lafi Examples^ it mj *^ obfervej^ 
that the Sum of both the Roots will always he Eipid to the Ca- 
efficient of their refpeaive JEqu&tionSj vAth a contrary SJg*i, 

Thus. In Examjple i. aa+^2d—^6^ 

2^:=: — 32 
In Example 2. ^^J— •7^=P48j75 

And 4=:- —27,5 J 

2i2=+7 

In thelaft£j«^^^ 364— ^4=243 
Whi^ was fib/^v^*^^ into ^^^36^^=— 245 



Here a 

And ^=5=27 



m}"^ 



24=36 

DA Hence 



Hence it*s evident ^ that it either of the£o9fi be found^ the 
other may be eaftlj had without Dtvitions. 

If the Contents of this StBion be well underflood^ it mil be 
tafj to give a Numerical Solution to any Quadtatick Mwatim^ 
that happens to arife in y?^/o/vfw of Queftions^ &c. Ana as for 
giving a Geometrical CtmftruSlion o£ them, I think it not froper 
m thu /'//x^f ; becaufe I here fuppofe the Learner wholk icnorant 
of the firft Principles of Geometry^ theitfoce I {hall idber that 
Work to the next Part. 



C H A P. IX. 

Of Snalffo, or the Method of Refohing ^iMtmt i Exem- 
plified by Variety of Numeruid SXuefttO^ 

N.B* LJ ER E I advife the Learner to make ufe ahoiys of ibe 
^ ^ fame Lettersy to refrefent the fame twa in V/ 
Ciueftions. 

I And ^ refrefeta a lefs Number f"^ "'"^ MC»«w^j* 

rii+^^ J Their Sum* 
Xa^e-d Thm Difference. 
I ae-p ThmFrodua. 

-^^q Thtix Quotient* 



1 



^ ^/2+^^— X The &wi of their Squares. 
\jia — ee:=z9c The Difference (^ uxcii Squares. 

Any Ti^o of thefe j!;i: (sj ^, f , y, «, 9c) being given^ thence to 
find the Refi \ which admits of FifteenVariaiionsy or fiueJUans. 

^ntttitm I. Suppole i and// were given^ and it were required 

fcythcmtofindtf . ^ ./^^ J .)&.and;^t 



Let ^ 

1 + 2 
Z-^2 



l|/Z-^^=X' 



2|J±S>«^f"PI«^«'{Sg?}-TJ«« 



2JS7Hh2'=:432 

a= ii— r=:2;i 6 Here /x is fciind, 

2 



Chap. 9. Of j^tttttertcat il>ttefttoiig. ^q? 



4©-2 
66-2 

p— 10 



7 
8 

10 

II 

12 



e— iZlS-324 Here <r is fowwj. 

2 ^ 



«*= 



ifZI^sap— 5184 Herep is found. 



4 
4 ssit^ =?=P Here j isFfonnd, 



aaz 



ss-\-2'sd-\-M __ 



r46fi56 



it — zsiA^d 



ee=. 



576 



ofir\-ee - /f-V^ -zj=47232 z found. 
M— ^««4«?=«= 46080 * found. 



^Uteffton 2. Let * and / be gtvs!*; To find tbe^^j?. 



Tbatis,-{ 

I ©-2 

2X4 

3-4 

5 i(M2 

1 + 6 
7-r2 

8-rio 
80-2 



4^=4^rs 20736 
^ ,iM--2<J?+f£=«— 4? =-3o864 

■_- <4-»^*J— 4;^ Hence »=:ai6 



9 

Id 

.11 

Z2 

18 



10 ©"2 

124-13 j 14 
12—1311$ 



2gs=j— - y/fj — 4^ ' 

^_ f~v-ff-;-4/>. Hence ^=24« . 
_i-4-Jfj-4£_^,-,^ 

2 

ee^ ^2 • 

<244-ggJS«' ^2/'^=» ^4723 ^ 



I 



P'd 2 



^ueftton 



204 



aigelj^ta/ 



mmfpf 



"- ■ jy g .gm 



•"Ssts: 



flXntfiiOtl J. Suppofe ^ and 2 axe |;tti0«. To find the Fefi, 



Viz.. 



2%e 


3 

4 
5 
6 


x~6 


7 


6X7 


8 


7-6 


9 


7®- 2 


10 


6Q-2 


II 


10 4- It, 


12 


10— II 


13 



tf-f-*a=f.=240 



e=f.=240'7 



QoereW.r . d.f.z.x, 



5 Oi 

^^?+I ^-t-I 



<I^ 



,___£££ =* 

■• <»»4-?f 4-1 ■ ' 






*, = —#" 



^ess- 



yj+-25+i 



o 5?-h.2?+I 

oats'— ts 

?2+2«+i 



flaettton 4. Let « and z ht given i To fiiid die ReJK 



yiz.{ 

^ I©-2 

3 — 2 

2 — 4 
5 UK 2 






a. f .d .f .q ^9^. 



2a€z^ss^x 

na — 2ae ^ ee-^ zz — ss 

A—r :=:^ 22— wrssrf 



^+^ 






1+61 


7 


7-r-2 


8 


'"'^4 


9^2 


10 



■* ". ' 'I ^ » 






^:=' 



i 



The Reft ai€ found juft as is fhe 2?i Stf^ifi^^ thfc 8 aoS id 
Sfe^ here being the very fame ^;«ith the S and, ioS^s %hem. 

^nttium 5. When 1 and x a,tfeji*'i)«i j Ttaf JBnd the JR^/?. 
3 




.5x7 
5-r7, 

5©-2 
5€|"2 

XO+IJ 



8 

10 
II 
12 






tf«=- 



4XJ 



aazn-' J — ^ 

4« 

2JX 



aa.+ef 



m'\. 



icS 



'•" ■ ' .U i g ' 



atgd??g* 



PaijQ 



, (ftncltioil ^ Snpt>oie <! and ]» are jrvni j To fidd (he Refi^ 
Vhwi 



.19-2 

2x4 

,8+4 
Ku»2 

d-fl 

6-rio 

8©-2 

J0©-2 

U+13 
12—15 



I 

2 

3 
4 
5 

7 
8 

r 

9 

l.P 
IX 

12 

H 

15 



< |g=;yaaSl84 5^^°^^' *"* '• ?• *' *• 

2a^*f^^ 
2 






2 
aa^^esssd^^dd,+4p:=zn 



SlmMkn 7. Let dand fhe^iveny To find the ifjf. 



f?«. 



2y^ 

3, 4 
5-f 



7+81 9. 



qe=:d^e 
qe--^ez=zd 

d ad 



9' 
a=d+ 



wi q^i 



s^JS^s 



«-* 



7«8 
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ff— 2H-X ' 



7X8 


10 


8^2 


IX 


7®-2 


12 


Il4-X2 


13 


II— •12 


H 



W: 



«g 

«— 23-fI 



«— 2J+I 



€la efftiM 8. Suppofe d and z^wra; To find die i?i?)iL 



2 + 4 
5u»2 

P-r2 
8X10 

80-2 

10^2 

12^ 13 

8-rJO 



X 

2 

3 
4 
5 
6 

7 

8 

10 

IX 
12 

»3 

14 

<5 



M'^2ae')reessdd , 
«+r — V 2Z — ijbf= :^ 



■-<f«=x=47252 



«a- 



SQoetea.ff.f.p .{.'«. 



i 
%—dd 



2 



04 



^^= 



a _ d+A/2z-^dd _ 

^^ ijix^dii—d 



^nesim 



2o8 






Fart It' 



jIltiefNonp. Ijet dittixieffvetti To Goitke Hep. 



Viz.'{ 

2-ri 
1 + 3 

3-5 

5X6 
5-r6 
5©-2 

p+XO 



xx~d* _ . 

XX — 2ddxAd* 

^^= -^ 

d*^xx 



2<^ 






^UeftiQll 10. Let /> and J bc^*»fw j To'^ fte Refi. 



Vik. -{ 

XX.2 

3 tin 2 

5 w^ 






iZ/Z^ 



44 «i 7. 






k-i 
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209 



4-6 


8 


?+5 


9 


?— 5 


10 






flliellttRI i I.- Let ^ arid £ be ^ri/^w 5 To'find the kiji, 

fr ' ." " .U ■ III ■ ' • 

2ae:=:2p 



2+? 
^2 

6ll»2 

5+y 


I 

2 

.4 

1 

7 
8 


8-r2 


9 ' 


5-7 


10 


tO-T-2 


ii 


?-r" 


12 


P©-2 


'3 


110-2 


H 


aa—ee 


'1.5 



"t*2^gg" ^^g:=r& 4"2P 
aa^2ae'^e=X'^2p 
ai— ^g-4-2/ H- v^z — 2f 

2g= Vz+2^ — yg— 2 g^ 

V^g+2 ^— » yaa— 2/> 

' 2 , 



ee=: 






da^ee^^zz^^fpssfe 



■i. , ^ , . ' . - f I / ; . J ,* 

UtielHoil iV. £<t p an4 x be ffvew, Tp i^nd the Refl'.' 



i®^2i 3U^^=/p 



Ee 



2^2 



2IO 



Part IL 



2®-_2 

4+5 

6m2 

2-r7 

Pu»2 

7-2 
ii-rl 

I2IW3 



4 

5 
6 

7 
8 






II 

12 

I 



^i7^i — 2aaee-\^eeee:nj^;c 

2 



%-'^ 






1C+13 14 






10—13 

pf 12 







16 1 aa'\^e=.^xx+^p::=rz 



^mitim i a. Having qwM, given • To find the JP^T?. 



ffe.-{ 



i^e 



/^4-^^=^T= 472^2 C^^^ ^ . ^ &c; - 



aztqe 



^&2^j^,fl^i==qfee 



2-4 
i6+«+l 



5 ee:=Z'-Jiqee 

6 qqee-\-eessz 



2-7 
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2-7 


§, 


8u»2 


> 


7wj% 


10 


9+10 


II 


p— 10 


12 


J>Xio 


I? 


8-7 


14 






i J2+I 



^=r^ 



??+I 



/I— *=s^-i^ :— J— p- 
*^ W+i ^ J?+i 
*■ , •« 49ZZ ' » » *' ' 



SlttefttOR 14. When q and x arc given ; To find the Refi* 
— — ?==9 >C^ucre /I . ^ . &C. 



Viz.i 


I 


L 


2 


3©-2 


3 

4 

7 


7-^i?--i 


8 


2+8 


9 


-91W2 


10 


8(W2 


li 


lo+ii 


12 



aa:^qee 

y^qqse — ee'zzx 

. X 

eezn 

ez=zj 



Ee 3 



i^^it 



: T 2 



10 — II 

8+9 



algebra/ 

V ^„_j V -a—I 



PatrtIL 



J£ 



'JfJff 



"^ ????— 2W-J-I 

aa+ees=i &£^ — z 



StUtfltm 1 5. When z. and x aie grv4M ; To find th$ Refi. 



yiz. ^ 


I 
2 


1+2 


5 


3t? 


4 


_ 1—2 


5 


5-^2 


6 


4u»2 


7 


6uii2 


8 


7+8 


9 


7-« 


A 






2tf^r=Z-J-je 

2+jr 
ittfrz — • — 

. .^ . 

2 



. z>— X 

^"^^ 2 



7X8 

7-^8 






2 

2 



4^=^-d 






II U^! 






v^ 



Thefe Fifteen Quantities arc propofed in Dr. P^/Ps Algebra ; 
bi?r ht furfues oiily the jffr^? Qif^j?io» chrou^ioiiry andlnresdu 
^^ ill the' other Fourteen^ after the Falues dt what I call a 
aijvl ^ are found. But I h^^efroctededixievcrfOfteoftbetD^ 

' •■ • ..... -^ . ^ • -to 
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to find the Values of* aU the unkncvm Quantitiesy becaufe they 
Afford f\xdiVanet% as being well ohferved by a Learner^ will 
be K>uik1 wery ufettd in the Solution ofmoft Queflions. 

JNote^ I have cho^ to ufe the lame Numbers for the refpeSive 
Valtie of each Quantiti throughout all the Queftionsy oecauie 
tbey will be more Saus/aSlory in proving the Work than various 
ATumhers would have been. Not but that many Numbers may 
be taken at Fleafure, provided tliat the Number reprefented by 
4iy be Greater than that by e^ Sec. I have omitted the Nume^ 
rical Calculations purely for the Learner topraqiife on. 

€Ul0ttion i^- There are Two Numbers, the Sum of thcit 
Squares is 2 ? 6 8 ; And the Greater of them is ki Proportion to 
tb^ Lels, As 6 To i. What are thefe Numbers ? 

I-et ii=tfae Greater Number, ^==:the Lefler, and 2=2368. 



Then 
And 

2 •/ 

1—4 

6-73 7 



7m2 
3» 9 



l\TiZ7fr }syfBeqa^on. 



^37 



I// fl=48 



6^=6V~=r48 I 

^2=48 



./144-tf^— 2368 
Vi<«</ 48 : 8 : : 6 : 1 



ttiXtSttiW 17* There are Th^rc Numbers in Continued Pro-> 
portion, ^e Sum of the Extreamsis 156^ and the Mean is 72} 
\Vhat are the Two Extreams? 



That is, Suppofe a. m.ein^ and ot=72. 
a 



Then -{ 






-^=5156 7£ytbeQptRion. 
m::m:ei Quere a,e . Sec. 



3 ae'^tmn 

41 ^+2^Z^+^^='^* 

51 4tf^;=:4;»izi 



4-5 



214 



4-:-5 
6um2 

1+7 

8-2 



1—9 



10 



a — e — ^s s — 4»aw 

^_ J-V^^— 4»g^ _^g ^ ^7^=: 108 



Vm\ 



^ueffion 18. There are Three Numbers in ^ their Sum is 
74, and the Sum of fhcit Squares is 1924 5 Wlm arc thofe 

Numbers ? 



That is, a^ ^, j^ are in i? 



Then 




4>^4 

161U12 

13+X7 
18- ^ 



aa 
a 



: e : : e :'^ '^ 3 



uere ^, e,y. 



ajsssee 
a+y=s^e 
aa-j-yyzsz-^ee 
2ayz=i2ee 
8 aa-\-2ay'\-yy —Z'\-ee 
aa^2ay^yy=ss — 2seJ^^e 
K-^ee^ss — 2se'{'ee 
2se±zi$'^z 
»^ » ^^ — * 

12 ?i=— — =24 
2J ^ 

14 ^^4"2^j^+ j!y= 2500 

15 4^J^ir:4^i?=2304 

17 ' ' 

20 



iz—jf=V.ip6=i4 
2^1=50+ I4=!64 

-3^ -> o« il^^ 



j^=5o«32r=i8. 



lj^^32 



iVbf^, In all Ciueftiofts about continual Proporiiondsj (eitkec 
Arithmetical or Geometrical) 'wbttt Three lirms are Toughr, 
^he Af<?^« is Eafteft found firft (as above) and If all .the, T^ms 
be Affirmative J then 'tis Equal whether the firft or Z^ 22r«i 
htlh^Hreateft. 
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^^IntttiW 19. There are Three Numbers in 4r- theiy Sum is 
f5 ; and if the Sum of the Extreams be-MrftipUcd into th^^can, 
{bat Produa will be 1248 5 What arc thofe Namfacts ? 

I 

2 

? 




a -}-^4-y = J— 76' > hy the Qacftl 
^^+^^==^/»JcBi248 ^ 



Lon. 



P^;* Tbemm 5; 
"'--8. ^^ 



ayz±ee ♦ , 

ee^zse^p 

4/?yii=4^«S2304- 

i3^-^2/yf-f^=400 
^ — ^jf= 1^400^=20 

2^=52+20=7? 
17 ^-36 W^r a = x6 

i8|jrss52— a^=i6j land jf = 36 . 

I iVr.jB. If you take ^sij+v/ ^w— .p= 52 (at thd icth 
I Step ) Then it will^ be 76. — 52 = 24! = ^-hj', which is /w- 
! p£ihJay viz. that the'^/?22« mould be Greater than the ^«w of the 

two Eskreams. 

Therefore it muft be>r=|5— Vi'*^^/^=24. (See pa^? 201, 



2—10 

4^4 
i'r(9^2 

14U&2 
n+ij' 
i6.r2 
II— 17 



XI 

Jt2 
I? 

16 



glXatftton 20. There are' Three Numbers in Arithmetical 
Progreffion, the Firft being Added to 'twice the Second, and 
Three times the Third, their Sum will be 62 ; and the Sam of all 
their Squares is 275 ; What are thofe Number? ? 

Suppofc I jtf^ e^y in 'Arithmetical, Progreffion. ^ . - 

Chap. <5i* ' 



Then' 
2-i 



2^+2jpj= ^2— itf 
^+3f=3i— ^ 
3^=3:31—2? 

<2i=4^— 31 






»l6 



918^^ 



Partli: 



86^2 


9 


7©.2 


10 


54-10 


,11 


12+20ee 


12 

13 


13— 372£ 


H 


i4-r«i 


»1 


15 CO 


i6 


x6u»2 


17 


nf'i 


i8 


i8X4 


1? 


8, 19 


20 


i8x"? 


21 


7,2* 


22 



ad^=i6ee — 248^+961 

«+j3r=:20^if— 372^+1922^ 
^^=372^—20^^—1647 
21^«r::::s372^ — 1647 
2I^tf — 3^2«=— ' 1647 

^^— f ^^ As -— ,.4T 7 ^^^ 

^-.•|=y^=i^^ The Mean 
«=-f±f=9 OrSf 
4^=36 Or »4* 
4=36-31^=5 Ot 344^31=^^ 

.2^zz:l8 Or 17^ 

y=r3i— i8r=i3 Qtux^iyj—m^ 



Sint1ti§a 21. There are three Numbers in AdEAmedcal 
Ptomffion ; the Sqnare of the firff Term being Added to the 
Produd of die other Two is 576 ; the Square of me iStean bong 
Added to die Produa dE the Two Extreams, make .612 ; and 
the Square of die lafi Term beiqg Added to the Produa of the 
firft into thefecond, is 792 : What are thofe Numbers? 



Suppofe 
ThenS 

IV 

2+4. 
7--6 

2— f^ 

PX"^ 

8+10 
5©-2 

II, 12 

13+4^/ 

14 -r« 

l5U4i2 

8,' 

17--18, 



I 

2 

3 

4 

I 

7 
8 

9 
10 
II 
12 
I? 

15 

16 



a^e^jhiAriib.Progref. AsbeEMcl 
^^+J^=576? 
^^4-jrtfzr6i2>£jf tj&^ Qaeflion: 

J'J^+^=792S 



H7==2^ ^^ &S. I. Cbaf. 6. 

ae-fjessiee 

A24:W=I 368— 2^^ 
JFif=:6l2— ^^ 
2JP«=I224~2^^ 

^"t23ffl-+3gr=2$92— 4^^ 
««+2jr«+7y=4^^ 

4^^=2592— 4f«r 
8^^=2592 

^«=324 

^=^324=18 The Mean 

17 ^+J!y=i 368—2^^=720 

18 2)fii=i224f— 2^^=576 

19 ^—2744.77^720—576=144 



Iw2 
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5 22 



2^=2^+12=42 
4=24 

i=2g^24=:I2 






^^nelttOlt 22. 'Tis required to find Two fuch Nambcrs, tha^ 
the Sum of their Squares may be 82264.5 and thcii: Produa being- 
Added to the Square of the Leflfer, may Be 6p2ii: ' 



i — 2 
3 + 



I 

2 

3 
4 



13 mt2 

Suppoie 
Then 

Or let 

JiOiui2 

. .' Xtei 

Tbetef^« 
And 



5 
6 

7 
8 

9 
,10 
II 
12 
13 
H 
15 
16 

17 
18 

19 

20 



st:2,|i^i}o-'»'-' 






^^=5- 



<^ 



^^=8226,5—^7^ 

■ ^ -^ =8226,5-/7.? 



/24_26io^/i4.i70302'5=8226,5 ^w— <a;j> 
2^1 — 2610^^-1-1703025=8226,5 ^^ 
24*— io8^6,5^^=:~'r703025 
/2*-54i8,254^=-^85i5i2,5 /765 

a r-'54i8>25^^+7339258,26562zT64§7845' 
iitf— 5709,125= ^6487845,765625-2547 
tfij=2709^25+ 2547,125 . i:25y 

aa=2709,i2^ 2547,125^525^,25^ 
4=V5;256,25==72,f . 
^^^^+1^05 _ 5256,25-^1^05 ^ 

^ 72,5 ^^'^ 



/w =2709,1 25— 2547,125=162 ^ 

4=V'I62=I2,72 &C. 

UiV= ^^J=;i525 Which himfoj^le, 

■ .I2j72 

SSs I ^' ^*^ ** ^^^ ail* iStli'Steps.' 



This Qyeftiou may be perForm'd with lefs Trouble, T)y Sulfii'^ 
tutiftgLttiers Sox thtknovrn Numbers. 

^^«- ->fiff^^]^Th€n let%~/^=^=/7^-^^, &c. 

F f 0ttefticir 



41 8. 



9{se^« 



Part 



^mftiotl 25. It is required to find Three fudiNaraben, that 
the Sum of the.tirfi.and Second, being Multiplied with theThiid^' 
tnay be 37824; and the Sam of the Second and Third, Multi{fied 
BdththeFirft, may be 59944 ; alfo, that die Sum of the Fiifiant 
Third, being Multiplied with the. Second, maybe 52456. 

L*^ "> *» 3 reprefent the Three Nmhers. 
^j,-|-fjr=37824=*7 
f/i-fjw=:5PP44=f J.(^ete a, e^^ 



Then^ 

1+2-1-3 

Let 

•4 + 2 
2-3 

6 — 2 
6—x 

8X11 



% 13 

15 UK 2 
. II 



4 
5 

6 
7 
8 

9 

10 

I! 

12 



'H-J'^=52456=:</. 



2ae-\-2ay-^ 2ye=i>-\-e-{-d 



ia 



19 

i<5 
17 
8,1 18 



■lyl ii ill iifiiTt 






2 — zif . 
2 



2a 



ess: ?ir3ff y 5n^ aat— 2^;t— .2^?Cei|r4f^ 

z — 2c\ gz^2Vfe^-2fe4-'4^^ y 



7. ^M> 

2zaa — 4ri«iJr=2a^— 2^8— r2i«+4W 



aa=i' 



^1—^^55^6=236 
^fc^=x5» 

2iJ 



/^ 



2^ 



=96 



lUtteffiotl 14^ Tis required to find T«vo fach Numbersy tfaaC 
their Sum being fubftraaed from the Sum of their Squares^ may^ 
fcave 14^ And if their Produft be Added to their Sum, it may' 
Jl»kei4. 

Let a and e be put for the Numl^ers, and letf^a^ 



i^s 
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1+7 

2-jr 
4X"2 
3+5 

OtUi2 

But 

7, 8^ 
Pe-2 

ijt7a 

13-4 

I' '5 

1!^<»-I7 
l8vt«2 



15-4-12 

I — 21 



3 
4 
5 
6 

7 
8 

9 

10 
II 

12 

15 

16 

li 



20 

22 



24^=28— jr 

/?^ •f-2tf^^-|-^^=42 — j^ 

^ f ^ —J: Sy Stth/fitutioM abevc. 

jr^V42^j 

jryr=42^jr 

J!y|Jf42 ,^ 

Jf+r=sV42^5=^^S 

'4+e^6 ISf Xefiitution&omAoYt. 
tf^ ^^^=14^6— 20 

2^^tii28— i2=Xd 
4/« .— . 2<2^ + ^^ ^ 4 

_^ ^ cff ar=4 And ezsz2 

I'^^-^^yAnd 1 + ^ + ^-^14 
^— ^^^4 ~ ? C Aceogding to thte gge^jgto». 



d&aeftion 25. Three Men (Jifcourilng of their Money, fiitb 
the Firft, if loo /. ifrcre Added to my Mopey, it would be as much 
as bodi your Money put togetfter | feid the fecond Man, if lOO /. 
were Added to my Money, I Ihould have Twiee as much as both 
you have ; faith the third Man, if lOo/. were Added td my 
Money, I Ihould have then tjiree times as muph Money as both 
you have: How much Money had each Man ? 

Let a reprefent thtTFir/JilfWs Money, etiitSecondy^xaj 
tbp Tbird. 



Then< 
4, 6 



e-^ioo=:^2a -|~ 2jf Lby the Queftion. 
jrfioo-34+yS 



I 

2 

3 ^_ 

' 8 2jsa4>i+-2^ 
p . 2«— ^^^ — 4« — 2e 

-^. ..T4 -, ^j^. 



l<?Jt 



120 



aiseb^a. 



PartlL 



10X4 

12— II 



13—22 

10— 6/J 

I-T-1 



24^+4^=4J=40o 

22tf=2/=:200 






.Z~ £s I O O m^m^ I I 



'Aajwer. The< Second > Mat hadK 4$ I. 9s. i-r{-d. 



fhirdS 



(6^1. lis. Z-rrd. 



Then 



I, 2 

SX2 X3 

.<5± - 

' 2 X 3 

8-7 

10 -r J 

3X4 

12 — 2 

H Xl 
?5-r23 



7-r? 



I 
2 
3 

4 
5 
6 

7 
8 

P 
10 

II 

12 
13 
14 
15 

Id 

17 
18 









Uw Quefiio». fyaA J = 92 



4^-3J[ 

«-|-3«'+3J'=3* 
44-3<=3*— 4« 
3^5=3*-5'» 



.=2£; 



-s« 



3^fl-4-j3r=:3i=276 
3f«+4^=3-»=276 

fl«+?2<«=pf=828 

« 2i SB ». » — 36;. The I/! ^4»'8 Money. 






I'^t: 



^ttefttOtt ^d. 'Three Men have each fudi a Sum of Money, 
that if the Firft and Second Men's Money be Added to half of what 
the Third Man hath ; that Sum will be 92/. And if the Second 
and Third Men s Money be Add^d to 01)5 tUrd Part of the Firft 
Man s M^ney, that Sufti will be '92L ^affjy, if one fourth Fart of 
the Second Man's Money be Added to the Firft and Third Men s 
Money, that Sum will alfg bp$^2/* How much was each Mans 
Money ? 

Put 4 for the ift Mafi% Money, e for die id^ and j^ for the 5^. 



'fr=32/. The 2^ ^^•s Money. 
=:48/. The :^dMan% Money. 



f Chap.9> Of 0ammcal )fl>aeftiottg> 221 

^Utteftion 27. Four Men walking abroad, found a Purfe of 
iShillings only, out of which every one' took a Number at an Ad* 
venture ; afterwards by comparing their Numbers together' they 
fi>und; that if the Firft took 25 Shillings from the Secoiid, it 
Would make hb Number equal with what the Second hid theq 
left. If the Second took 30 Shillings from the Third, his Money 
would then be Triple to What the Third had left. And if the 
Thurd took 40 Shillings from' the Fourth, bis Money would then 
be Double to what the Fourth had left. LafUy, the Fourth taking 
50 Shillings from the FirA, he would then have three times as 
iDi;^ as the FirA had Left, and 5 Shillings more. 

*Tis required to t^U bow many Shillings each Man had. Put 
a for die Firfl Suoi, e the Second, y the Third, and u the 
Fourth. 




»-f-5o=5«_i45. 
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a-f-50.-y— 12Q 
a-fl70— 3j> 

£+122 

I0hr=:2«— 120 

/f+I70 
2«— 120= —^ 

5 ^ 3 

o+S^o 

" 6 
«=3<z— IP5 

3«-i95=-3^ 

i&i— ii70=^+$3Q 
17^=1700 
4=100 The 1/2 J 

jr= JO ^^r ■' 

«=:I05 4ti&J 
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aigeo^^ 



PartBl 



Stueftim 28. Four Men have each a Sum of Money, which 
being put all together makes 250 Pounds* And if to the fiii 
Man's Monqr be added 8 Pounds, it will be juft as much as t?^ 
fecond Man's Money decieafed by 8 Pounds, and as much as 
times the Third Man's Money, and but as much as one e^l 
Part of the fourdi Man's Money ; How much had eadi Man ? 

Let rf, ey J, u reprefbnt the Four Men's Money. 
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> by die Qocflion. Let j=25C 
.and * =SB 8. Or any otfaa 
Nuo^r atPleafure. 



A'\'2k-=ze 

y=s ^"t" BecSLxie ytzra'^i 

U:=zla^U. For j- ^a-^-i 
e^yi-uzzzj^a 

^=:tf+2J=:92,69i358, &c 
jrz^-^J- =3,086419, &c 
«=;>df+»=i97,5!jo8^4, fcc. 



That 



'. J. . 


rf. \ 


«=5 itf . 13 . 


P,92^t 


*= 32 • 13 • 


£,925* 


jr= 3 • I • 


8>7405l 


»=:IP7 . 10 i 


7*40736 



, ^\. Confcqucntly «+^4.jr4.i»s24P •. i^ . 11,99979 
whi^h Ihould pe lufi 2^0 L the Sum propoled in th^ Quefiioa 
Now what it wants of that Sum, proceeds from the Imperfe£tion 
of the Decimal Parts being npt Continued op to mcmt PUces, 
which would have brought it nesjrer the Truth, tbo* pot perhaps 



exaaly fo. &». <• Chap. %. Pari i, 



SI"f«(o« 



^Mftion.2p. Several Merchants enter' into Pactherlhipy 
one pot into the Stock 65 times as many Pounds as there were 
s; lyith that Stock uiey Traded, and gained as many 
per 100 /. . as there were Partners. Now if 10 /. 10 s. ^ 
to, and Subflraaed ftoitt their Gain,, the Pfodttflot that 
Sum and Difi^enoe wUt be 64PI /. 6 i. 3//. 




Querey How maoy JUercbsmis there were, &c. 

Let i\ asz The Number tf MetehafAt. 
I X 55 2 6$*=: Etiery one's Sum ptttVtPfStidu 




100 : ^i : : 6*5^ : - ^^* ^Jbe Qucflion. 

-3^^= ri&^ whole Gain. 
100 



lOO 



10 
II 

12 
13 



-10,5 



7' 

f ^1 100. 

42i^f2^no,25=64i^l,3W5 *JttA.Q^^ 

4225^1^— I I02500(ir64pJ3Ii$r .' 

4225/i*=66oi5625 . 

66015625 g . 

* 4^25 ^ ^ 

4=1^1562$— 5 T*^ Nutobfer D/Mefchants. 
e^ass^i^y. The Ni]iDi)ex-i>;^Pounds each fut m. 



flltteftton 30. Three Merchants join Stocks tpeether; the 
Firft Man's Stock was Lefs than the Second: Khn^ by 132. the/ 
Seccttid and Third Man's Stock was 175/. in Trading they gain 
4B/. more tl^ their whole Stock wat^ tbe^Fufl Man's proper- 
ibxMi Part of the Gain was 78. What was each Man's Stock ; 
and Part of the Gain? 

h^a, eyy reprefcnt cadi Maa$ SMk. 

aX^J^ :=s The vibdit Stock. # 

^..48=3 Hie whole 64 j«. - 



!rhcn<!^ 
Afld^ 



44.4 5 a^e^=zi7%+a 
I, 5I 6|«175+^ 



6, 2 
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atgebjta* 
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*+48=223-+-<« ' . I • . 

i75-f-<z : 223+** : : a : 78 f^" Queftion. 
<M^-225<«— 784+13650 
<m4-145<»=I365o 
<M-fi45«+52$6,25=i89o6,2$ 
/i-|-72,')=k/i8j>o6,25=i37,5 
'«=i37,5— 7?,5=65 
^=<ii-i?— 78 

>— 97 

65 : 78 : : 78 : 93/. 12 j. =f** 
65 : 78 : : 97 f 116 /. 8 j. —js 
I i6/.8£+P3/.i 2*.+78/.=285-/. 

2I 



Gaiiit: 
Gain. 
The G/wr. 



5+784-97= 24D. The whole 5*«f*. 
88—340=48 The ((i»s more than the 5/Ofit 



fllaeffion 3 f . A Father at his Death left his Three Sons 
his Money in this taanner ; to the Eldefl he gave half of it, 
wanting ^14 Pounds ; to the Second he gave one third of it, and 
14 Pounos mote ; to the Younger he gave the Remainder, wfaidi 
was Lefi than the Share of the Second Son, by 82 Pounds : 
.What was each Son's Share. 

I^t «, e^j be the three Share Sy and 2= the whok Souk 
jr=Jz+i4-82 3 



Then* 



a+3+4 
h 5. 
6x1 

tX2 

8± 
a, 9 
h 9 
4. 9 






^z=4z-i-2z— .588 , . 

«=538. The whole Sum that was leftl 
tf=^M'— 44^250. The Bldeft Son sSAard 
^r=:^|«-f 14— 213. Thei?^o«i&«x, &e, 

Jf5=:'|*+ 14-82=128. The rotoarj^jf , & 



8x. 



^tttfUon ^%* A Man p%ing at Hazard or Dice, won the 
Fixft Throw ^qft fo piuch Money ais he had in his Pocket j the 

^ccpnd 



Chap. 9. Of 0imevua, jStrnfUom- «»? 

SecendTbrom be mew the Sguare goQt ifpibat be.tben hai, and 
five ^bilUnh tkiire ; tbe tbird Tbrovo be vm tbe Square Dfdl 
be.tberi bat/', after wbieb bis mbokSimwdi lUX. i6ti Wbaf 
Money bad be wbe» be hegm M flay f , 



Sajfoft 

And 

4©- 2^ 

4+5 



I 

2 

3 
4 
5 

6 



4 = HisF»'yiS*w.'.Thtti ,. 
2«=: His Sk* after the FitftThromr. , ., ., 
5+^ 2a =s Tbe WiMtfngi it the idTbr.mi 
2«+ 54-^24= The Smn after, the TdTbrwa, ' 

4toi.4r 22« rf 25 -H 4fl 5i/ 2« ; +. 10 .^2« = Tb« 

Winnings at the ^d Tbrow : auid thadbte > p 

44A -|-2^-f-904"4<»y 2«4-i I V, a« — 2256 SW/, 



Bat to Ovoid thefe Surd jijumtHies, let is, ihAead offuffoRfri 



Let 

iXi 

Then 
a + 3 
40-2 

4+5 



I !e Ftr^ &m, make zjetondlHal, vis. 



-3^ 



24« = TheF^&wr. 
4««==: The &im after the' finjlf^r^im;. . ^ 

aa+5=s The &« won atthk 2</ Tj^^w, ; 
4««-|-:2«-f5= His 5)SQ» after die zd'Tkrow: • 
t6«<-^- i6fl» + -i4*j-4- 2o« + 25 =? The ^j^' 
mx^j atthe 3</ri&r«o ; and tb^^f^^ 



Yet agaii^ to avoid'thefe bisb EptationJ, !«' ws nwb' 4 ' 
SfcfEpofition} thus, 



Let 



SoboE 
5 + tf 
8iMif2 

> *0 

»4-j?.5|i5 
*5^2 16 
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»4 



—ssTheFitftSuro, 

z i . ' ■ I -i •■ i . . ^ 

* + 5 =* The Winijijigj « ^ TdThrm . . 
444.4 J- 5 Bs TbeSora a^ tk; TdTbrvm, 
«ssaa-\-a-]~^, 

ee=iV»Wiim»miit^<^Tbrm; TMi 
ee-\-ez=i 2256 Shining; by tbe Qujflisft 

'+0,1^ V'«5^;S5=^ 47,5 

'==47 

Ar+«+5«S4r 

*?+»+©»25«=*42»«5 
^+o»5W42»«5'^»f 

6» A*/, 



4»i6 aigdb^* PartB. 

iVbf«) ki rcfehiag of die hft {tueftloH^ I have imde Tbret 
different SuppOficrant fer rbe THiiig foaghc, pimlf a» an loftanoe, 
to ikew the yoog Laamer how w^ he oDght lo ounfider the 
Nature of the Queftim, when he firft Hafies it, and ottdbe ch(ao§ 
of reprefenting the Thing fought, ib as to avoid nuiniiig h fiito 
Surds, if poffibk, viti. as in the firftSup^fidon of 4 ~;^Che firft 
Sum, fie* Not but f|^ (iich jfiquaeioil^ inay be. fdved, is Ihall 
be fliew'd in the tiext Chapter. Ho^^^, It is moft-lSke afa Artifi 
to perfbim Hdi^of dii&{^bture (lie iieai:«ft and; eafieft nisy :tfaey 
canbedbnt. 

^^to n jj; ■ J^ppeje ther e tuete f6tH>j ip ilgl GircJ eSy mbofe 
Peripbefies (viz. 'Oircwftftreftcesj are^Dtvideit vrttnp^^^TOTipid 
Pws 5 nnd that tbofe GitcUs wrefik placed vf0n> ^nfe Afcis, . as 
fo move the contrary w^ ip each other, \ Hff4f^ff^'^Jfi'e pf tbem 
io move hut one oft)yefe equal Pstrti W Pfi J^^Jy T^ f^U the 
fecondDajy Three Part4 the tb'ird'lhgi an4/o b« ik^Jritbme^ 
fical Progreffion^ viju i^, 2, ?4 4> 5^ &«* aad ibe ptberia)nove 
every Da§,the Ct^tof thofePartSy viz, 1,8^.27, 64^ «$, &c 
of the fame Part4 -, fkv) many Park^ and h^ manj i>4^mufi 
each Circle mpve, h^o^e the fame Tv»Pmnts meet] that were 
togeShtrvAentbey^htgalfitfimove.^ - : '- \ 

In. osder to give-atceady ^utiaa Xo.xkasiXiueftum (QC>any odw 
10 this Idnd) it will he qooyeoif nt u\fr^mijf.^ Lemmfi^ . 

The 6um of. anj Series of Cubes viYiok Roots are i$ jfritbme^ 
tick Pro^e06n'( the Pirfi Tifrmj and-^<mamn DiffefeTtte i^eing 
Unity drt) is equal to the Square of the Sam of sA moie i^f i. 

As in thcfe 

Terms in ArHh. to* ThdaG*^^# ^ , '\ * 

2 8 - ' ' : • • . : "^ 

?— 27 ^^ . 

4 ^4 

V ^ 5 ^ 125, • " ■'' ■ 

6 216, &c. 

21 X 21 = 441 5»«i of their Cai^^, 

Let 1 /z === The S»«i of all the P/»t J Aeii/fiC?7V^fenK)Vcs. 

Then 2 /t^ = The Saw of allthe P/otj tlie 2</mov^; 

C6Kfei}ueft. 3 ^i^ + ^ = 443 ip By the Ciueji. (pr tern. 

-2CQ 4^^ + ^+0,25=44310,25 



I 



gia^ Of 0unmtSStWamsnfi^ ppj 






44-o,S,-V443io,25=2io,5 

^— ^,« jThe Number of Parfj the jFVrtf CTfrir/tf 

4=Mo^ moftmovc;' ' -^ . . 

iLt as Mittoo/''^^ iVir/^J^ of Fm^ the ft'li^/Mr 
^*^l Circle movts. 
Next to find the f^mber of Days they moved, There is given 
the PirftTerm =5 1^; the colfiinon hMrence = i ; and die &» 
of all thelJr^rx ^z'J^b, tb^e to find the£^2^rM, wi^.in 
this Cafe is the fame with the Numier of all the IJrwx. 

Let tf =; X die Fir^ Terms^e = i the comrhoft Dif^ence^ and 
J = 210 the Si«m of ^1 the T^m^ To find j = me LafiTtrm, 
As per Sea. i. Chap. 6. _ , 

Then yy + eyz=t 2^+ aa ^aebyA^i6 Supf Page i86* 
That is, jgr -p jr = 210 OC 2 = 4»0, &c. 
Hence jf == 20 the Number of Z)^ji required. 

' ■ ■ ^ /J H J ' I I I' T i I n m mmi \ % l\ f " ' ,1 . '* " 

I ih^ how procied^ toa^f^ an EKcmpU at two of the Method 
irfed in ^A"^'^ about Unluiuted(;2^^^i^> via. fuch Q^£y??o;?j 
yi&ikh:'9da}k oi ymoo^A^jw fiicb as thole in Alligaiioa At- 
iemaie^ promifed in PagM 17. 

In order to fhorten that Work, it will be convenient for th'e 
Leivnef to Ipiow the two Sights oiCemfarifonj :p' and *<;;• The 
Sign :^ is of ©jgatef tbatl. As * z?- ^. pgnifies that > is Greater 
ihana. The Sign ^ i&of ielfct tfertl. . As i^ ^ 4? ifewj?^^ that 
yuJJJ^tband^ ^. 

Example i. 

fllnefttOtt 34. ATbhkcmifihafhti3rBe,S9rtsofn^ 
$ne of 2 s. 8d. f*^ PmPtd^ another of 20'd. fi&^ foa»^, ^W 4( 
third Sort of 16 d. tA^ Pound \ cf tbefe bif would make a Mix^ 
iure to contain 56 Pwndy ibat fffay hefcldfer 22 dp the Pound ; 
Haw much of each Sort fnay he taief 

Let ^ =:thc Qua^ity^ of that worth ji pence the^ Pound, 
f OS that of. 20 BeHi:e ^ Pouqd, And jp = that of .16 P^niie tit 

*«iid| . :..•/ 'l;v:\.,.' •-.; 

'jrviz^^eaidi (Siuantity MtdtifUexf 
Theii i»+^-f"^=56 ' ; '^ J into 'its ownPriif^, Equsflsthcir 
;^V24|^:?6^r|-l6jf ^1:2^2^/5^ into ti&Meau 

i ' jCfPrice. ^ ^\ \"'\ 



iii 



ai(s^;^. 



Partn. 



This Queftion hnag thus ftated, it appean by 1^ i, Pagf 176, 
that ic is cufahk of JfmumeraHe jinfw^s; becaufe for any oaeof 
tiytkTJjr^^ Letters, a, e^ j, these maybe taken utf Nmtei^n. 
pleafijre, prcmded it be tefs than ^6. Bat akhoue^ tfatt liiay be 
truly done, yet there axe feveral Ways of Afguing ^Kpoiit theie fcits 
of Quefii^ns, wiucb wiD Umt ot hound them to all tbeir frofee 
^^tfcj^lfk4«f^fm\!rhci^ Thus, 

^-t-f4-J = 56 VAs above. 



AtK) 


I 

2 


I — « 


? 


1-7 


4 

I 

7 
8 



1 20^ + i^ -=: 1232 — 32« 

4^ = 236 — 164 



^s=:84 — 
5 = 54^« 28 



Hence tf 
Hence 



'^ .. 



:2l 



From the Two La ft Steps it appears, that the Quaetitj pffoped 
by Oj ought to be Z>/j tHaii 21, andCfrf^^ than 94 5 1 hat is, 
any Numher bctwijct 9{ and 21, may Ue taken for th^ F^tAsf of 4. ' 
Confequentlj there may hiSieven Anfwers td thb Quefthn ia 

jvbole Numbers. 

Supgofc^z = io Tbcn^^ 84^ 40=44 /^'Ttli Step- 
,Andjf= 50-^2— 28 jpijr 8th Step. "^ ^ 
Ajgain, if ^ — n Then^ s= 84 — 44 := ^fer, 7th Step. 
And jf ^ 33 ^ 28 = 5 />^ 8th Step. And lb op for the reft, 



"^ J^ -:: 33 — 28 = 5 fer 8di Step. A 
which wOl be as in the following Table. 
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JL 


a 


e 


2 


4 


# 


2 


10 


44 


2 


H 


28 


H 


18 


12 


2^ 


II 


40 


1 


15 


24 


17 


ip 


8 


29 


12 


36 


16 


20 


20 


ao 


4 


3* 


1? 


Ji 


II 


V 


16 


2? 


, 







Thus if will be ^/x/y to find out and colled all the limitei An- 
swers to' any Qiiefiim (of ibis kind) wherein there are only 
* ' "^ rd t " " 



t" 



'hree Quantities ^posd to be ^i;ifV: But when there are 
lore than Tbree, then the Work requires a little more Trou- 
ble ; .btcau& the Jiff^ limits of ^ the Quantities above Two 
torn Jse &und ; that is, if there are Four CLuantities concern'4 
in the Qutfihni the Umts of ffro of thein miifl be found ; If 
Five Quantities are concerned, then the Limits of Tbi^ee of them 
miift be found, &r.' As in the following Qfteftion. . 



Chap>9> Of j^ttmertcal il^iigfttong- 12^ , 

iSUieftiOII 35. Suffofe H v)ere required to mix Four Sorts 
pf Wiftes tcgetbeTy viz. one Sort worth 7 s. 4 d. the Gdlm ; ano^ 
f ber Sort worth ^s. jd. theGallofi; a third Sort worth ^s. 8d 
fbe GaUom; mda fourth Sort worth 2 s. pd. theGdlon ; How 
wtmb of each $ort nun he takep tq mak^ a Mixture of 36 Gallons^ 
fo as that the whole Quantity rfiaj iefoldf^ 5 s- 6d. the GoBm, 
without Lofsy &c 

Firfi, let all thefe feveral Xates^ and the Mean ^ate^ be leduced 
to one Denomination^ viz. into Pence* 

Then ^ars;^ Quantity of that worth 88^. the GaUon% 
^=:diatof5srf.theG4//o»; jf = thatof 44^. the Cr^o^?^ and 
u -sz^ff ^^d. the Gallon. 



Then 

And 

I — ^ 

2^8&l 



fi^e-^yr\-tt-=6^ By die Queflion. 

884 -I- S5^ -V- 44? + 33« == 4158 =i>? X 66 

55' + 44? + 33« - 4i5» — 88« 

'22* + iijf - ao7P — 55« 
2* + jr= i8p -— 5« Hence « '^ ' J* =; 37> 

IIjr4-22«=354 — 6p2 

y 4- 2«< =: 34 — 63 Hence 4 ^ *f = 21 



. Ficm ^ 7th and lOth St^^i it smeats, that ^ Qftanti^' of 
dutfottof X^%nr denoted by 4, im]jltbeI>/« than ^p^ GaUonSf 
and £[r«4t«r than 21 G4ffo«s** That i^ it may be 4 = any i^^ioxH 
4*rrf G4ai»i betwixt 21 and 37|v 

Whence it ^ows, that dieie may be coOeaed i6Anfwers fo 
Ais Qjufi\ov ftoffl die Dmts of a only. 

Next to find the limits ct e, y^ aoAa. 

fiuppcifcn,!<i»22 Thenw^54 = iio. And 34=65 

But iai2*-»-J»=»89 — 54 = 7p/»*r7rfiStep. . 
la — 2* 13\7 = 79— 2* Hence * ^ '1 = 391 ^ 
Apunli4|i-4-5 +«•= 63 — 4=41 /w 3d8te^ 
X4^r i5ljr + «=i4i— * 
ri<.-i2 x6 « = ^-^38 Hpace*?^38 ^ 



»3o 



.^- ' ['-^ algebra. ' ?' ""^aitlf; 

P '» I n il r I I ■ ■ - 1 ■ ■■ I ,^J Ll ' " 

. FTomthe i:}ChaQdi6thStepsitap{iear% tbat if a;3e^^ Tbm 



Again, 



Su]3)ofe 

But 

18—2^ 



[17 
18 

19 



tf = 23 Then $^ = 1 i 5. And 3^ -=• 69 
2^ H- jf = i8p --5^ c=: 74. ^^r 7th Step, 
jr = 74 — 21? Hence ^ = x 'I ^ 3^ 
^ + J + » = 63 — ^ zi:4a /'^r 3d Step, 

«=:^— 34. JHfcncc ^ i::?" 34. 
From die ijptb and 22d Steps it appears, diat if ^z^tj^ tfaeo 
#rtaybceitlicr35or36. 



Again.] 20 



211 — 19 



Let 

But 

24—2^ 

Again 

26 — e 

27—25 



23 

24 
25 
26 

27 
28 



Once more for a ftiftji^r 7/ii(/fr4f»»i 

^ = 24 Then 5/1 =« 1 20. And 3^' = 72 
2^ -h ^ = 189 — 5« = 6p* per 7th Step. 
y=s69— 2e. Hcncce x; '^ = 34} 
^+J^ + *^ = 63 — a = 39 |»^3ttStcp* 

jr+« = 39-f ^ , 

1 u z==.e — 30. . Henpe ^ >* 30, 



From hence it appears^ that if a ss 24, tlvsii r tnay be eitber 
31 . 32 . 33 . or 34, vvz.* it miy be any Nu^Aer betwixt 20 and 
34I by the 2^tfa and 28th Steps^ fbon^ wheooe die Vlfdietoty sbid 
» may be ea% rdunST 



That if, if <^ = 



> = 3i. 


Thenjr = 7 . 


And ««! 


* = 32. 


- J = 5 » 


« = 2 


* = 33 . 


J = 3 • 


«=? 


* ~ 34- 


. y-ii- 


• = 4 



Proceeding on in this manner, vddi all the other fa/gfi V^ne^ 
^ A. there m^y be found above 120 J^tfwers to dii$ QueftioM in 
v>*o/^ Kumbirs : And if you' pleale to put ^ =~ frdSU^Sy thcio 
inay be found an Innumerdbk Set of Anjwers ; whereas the iPttil^ 
of Alligation in F«7jf^ Atitbm^ticl affords tut only one Anfwer 
in Fratiions^ to wit, that of /i — 3*^. ^mo^.ji — loj. »= lOj, 
As iwiy be cjjG3|. tvydrf^ Ride ^^4 1 1 5, 8^. . 

TbefeTwQ fi^/5!j?5 being j«eU iinderftood f'^jW<'(4//f (f f 4^ 
Laft he thmmly furfiiedj oaaf fuffice. Jo fliew. the Maib^i^t 
X-miiing t&ci^^jWnj to ali forts of 4«^i^io«i of this kinflt I ball 
therefore conclude this Cbafter of .^^^io/f i wich^vipg a iSolu* 
fion to theiEnigmaj(o*.JUddle^propos4('*f»^«^fV-^"---''''' *^" 



Chao.!?. Of 0ume9lcm 0uettion0t %it 

Mr. jhahfiKerM; in t\it €Mefit^Afpiimlmii>UsAfitime* 

muft beiound by the hd^ of XgKhtg^Sotd i((nt fi^tftfkii u i§ 
•ik^mii • 2 .. 3 . 4 . 5 %6.. 7 v8r. caSiei Jndk'es. 



wnich itoldpng^ hCox^j»^/y known. .^ V* . / . -^ 



1. V: iht t^&i^ Uti^e^. the Jndtie's pf Ac ScccmdjifMf 
or die Second Word^zxA the T*/Vrf i>f r^ of thie F/V/f l^^i *lte 

bfe ^76. Andlf their Sum l>c Mtfliiplud into ^e Sum of their 

tf == Ac dreader jfti^tf^, !?r *l^ of tiic 3d T*4tt«r.. * 
^^: the Letter, or that of the 2d Letter. 



And 
Then^ 

3 X*' 

4X 

6-5 

|4t7 

81W3 

4-r« + ' 

11—10 
10—12 

13 «^ 



m'^tipmi^^^*'-^*^' 



\^i^'efel^yi$' 



6 aaa -^ aae -jr ^^ *^£i£ = 2gg^ 
p tf + J==M4fcip6=a;J^. 



5p(4*I4' «5 tart = 22 

i5-r2 16 









r Fraw hence if afptars^ ibdi 'ibe^i^A 



1^=22701 , , 

tf :=r II s.^ Letter of the ift ^or^ is 1, 4W 

* Noli, In order tofet ihmm the Letteri (.st thejitcmae foMnd.) 
in their Pfpfet flacei^ it my ie convenient-tojuffly the vacax^ 

m«_ jFirft Word/ Second Word. Third Word. 

.4***\ ¥¥/** *¥^¥¥¥ *¥*¥* 



»3» 



SUgefa^ 



Part IT. 



^5"^ 



24 The Lu&ei\hA found, «i€ :tfce Two Btctreams t^ Foot 
ffumbfrs in Ardhmetkd Pf^ffimj the Lcfe ilfrM being ite 
iStti^iv of the FirilLetter oftheTlaid Woid; and the Gtefin 
A6M ii die A2f^xr of flKFtooitfa fuid laft Letter of the FxiflWo^ 



.Viz.5.y. 9. iijsurethePduiTenmin^riVi&.Frogr^ 

Whence it appfanL^ tbatd (wlidlAtndex is 7) is the Firft Let*^ 
ter of die Thud Worcl: ivid th^t } (wbofe* Index is p) is^dtt 
Fourth orLaii^L>t»cr of dib Firfi Wocd $ whi(3i bei^ placed 



down, wil] (land dius, 



^f# ^^' *^#**« G *#^. 



1;. The Second Letter of die Third Word b the lame widi die 
Thiid Letter of die Firft Wprd ; and the Fifth Letter of the 
Tliird Word is the £i^e widi the L^ Letter of the Firft WonL 

Whence die Letteis-irtBflanddius,^^^^*. #^###» 6/###^#* 

4. The Ski« t£ the &fi4r^^ of die Indices of the Firft and Se^ 
cond Letters of die Firft Word is $20. And the Frd^TiKa of di* 
(ame Indices is feven Ninths of mtSqmarc of the Greater Indei^ 
wbkfa is the Index of die £dd Firft Letter. 

Let M sdR Greater^ and ^ = di^ tifSSd Index. 

Sifj'^'^^Acc^rfingtodi^ 



Tim 
And 


t 
2 


30-2 

5X81 

6+^9aa 

7-.IJO 

8iwi 


3 

4 

1 
I 

9 


3> 9 


10 



4^ = 520 — 4t^ --" 
8ia/iss 42120 — i^aa 
t^oaa =42120 

iwz=f||x=324 ? 

tf r= V 324 = 18 Its Letter is.i; 

esssiassi^, IcsLeeteris0* : , 

Hence dicLettn win ftanddius, 5^ii^#^#*#% GAj^i^^^^ 

. 5. The Differenee between the two Laft Indioei^' isidieloiex 
of the Firft Letter of the Second Wcud, viz* x8-»l4=4 beiiv 
die Lidex of die Letter JD. « "• /• .^ 

Then die Letters win fland dm, Soli.TDe^^t^^QU ^^ 
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6. The TTiird and laft Letter of ^he Second Word, Alfo the 
Third Letter ol the Thicd Word, are the fame with the* Second 
Letter of the firft Word. c^ v a\ m 
Hence the Letters will ftand thus, OOlt DeO UlQ ^r^. 

7. The Sum of the Indices of the Fourth Letter of the Third 
Word, and the Sixth or Laft Letter, ot the (anac Word, being 
Added to their PtoduB is 55. And the Difference of their 
Squares is 288. The Index of the Laft Letter being the Lcaft. 

Put a = the Greater, and ^ = the Lcffer Index j as before. 



Then 
And 


1 
2 


1—4 


3 


!-7-'» + i 


4 


4©-2 


5 


2+5 


6 


6%da8ec 


7 


y+ 


8 



ae ^ e'^zz ^^^ a 



Tote X^+l = ^^ + ^ 



eez=i 



^S — ^ 
a X I 

1225 ^^joa-^aa 



^^ = 288X J4,2.+ i- 
f ^♦^ 2^' X ^^ = 288/^/1 + 57^^ + 288 

8 /2* + 245 — 288^^ — <p6a nz 1513 

This laji Mijuation teing RefoJvd atcording to the Meiboi 
V)bichjhnllhe Jhewed in the next Chapter , it v:iU be azsi ij 

ifs Letter; and from the ^tb Step e = ~^^ = 1 the 

Index of the Letter a. 



"Then theft TWo Letters being placed according to the Data 
above, are aU due ate required by the £ttisma to compleac 
tliiefe Wokds. 



Soli Deo Gloria, 



H h 



II A p. 
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CHAP. X. 

The Sdliition of l^itfetfeD iEqnattOlUl in ISfumbers: 

BEFORE we proceed to the Solution of AdfeBed MquaXu 
ons^ it may not be amifs to Ihew the Inveft^ation (or Inveiu 
iion) of thofe Theorems or Rules for ExiraSing the Roots of 
Simple Powersj made ufe of in Chapter 1 1. Part i. 

I fliall here make choice of the fame Letters to reprefent the 
Numbers both given and fought ; as in my Compendium of 
Algelra. 

. G,. always denote the given Refolvend. 
C .^ f any Number taken as near the true Root as 
Viz. Let ^^ cmay be, whether it be Greater or Lefs. 
y / — J ^'^^ unknown Part of the Root fought by 

V. ^ ^\v\xid[iri'&tohttithtt hcreafedotDecreafed. 
TTicn if r be any Number Lefs than the true Rooty 
it will be r -4- tf — the Root fought. 

But if r be taken Greater than the true Root^ it wiD then 
be r — ^ = the Robt fought. 

And put D for the Dividend that is produced from G, after 
it i^ Leffen^d and Divided by r, &c. (^i«fo tbe Coefficients of 
AdfeCied Equations) according as the Nature ot the Root 
requires. 

Thelf Things being premifed, we may proceed to Raijing 
ih^ Theorems* 

SeSilon I. 
I. For the Square Root, viz. aa:=zG. Quere a. 



Let 

7,-^rr 
Then 



1 r-f.^=^ 

2 rr'^ire -\' eez=.aa'=:G 
2re -{-eezriG — rr Call it Z), viz. D = G — rr. 

{Q CThis fliews the ift Method of 

— fj- = ^ -S £';^fr^2(5?i>^ the Sjfw^r^ Root^ 
"^ "T- ^ 5^5^ ^^ Chap. J I. i^/^rf i. 

G— rr 

-r2 5^^ + i^^ = — ^ — = i> 
W )iich gives ijiis JTljeojem <f ^ . . -^ = e 

The Arithmetical Operations of both thefc Theorems^ you 
}i3ve In the Examples of ;j^8w« 2. P^^^ J2$ ; To which I 
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refer the Learner ^ fuppofing him by this time to underftand them 
witliout any Words tb^ wb^t is there expreft, 

II. To Bxff^S the C*e if o«t 5 viz. ^^^ = G. Quere ^. 



Let 



r + ^ — ^ Suppofing r Lefs than the true Kpot. 
rrr-^yre -^ yee^eee z=:aaaz=zG 
yrre + 'ytee -(- ^^'^ = G — ^r , 
I I eee__ G--rr _ p, 



Let ^ be Hf/V£?^^ or Cafi of, as being of fmall Value : 

Then ''it will be, re ^ee^Dj which gives this following 



Vl^oiem^ 



r 4- 4?' 



' By this theorem or 2f«/^, the ift and 2d Examples in Cafei. 
Page 1^2. are p^rfortii*d ; the which being compared with this 
Theorem may be oaflly underflood. 

. "Again, Suppote aaa^Q (As hefore) And ht r he taken 
Greater than the True Root. 



Then 



r— ^=:iz • . C^^^ being Rejeae:5 

= a3=G 12 ' " 



rrr — 3fr^ + 3^^^ 
yre-^ yee:=irrr 

rm — fl_ /\ 

re ^ee^=i — r- — - as; U 



Las before. 



r D 

Which gives this (!C(jeo{cm < f;;:;:72: = ^ 

By thisTA^;'^ the Third Example in C^fe 2. Page. 133. is 
fcrform'd. 

• III. To RxiriiB the i5lcioatlWe i^oof 5 viz. A4 =5 fl Quere /i. 

r— ^rr/i Suppofing ^L^/i than 7«/. ^ „ , ^ 
,.4 4- xrrr^ Jf, 6rrf ^ +^^4 - G S ^.ejeaing all the Pow- 
4yyr^ -V- 6rree =:Q -^r* \ ers of ^ above ^i*. 

ire + 3^^ = ^ = ^ 



Let 

i©-4 
2— y* 

•^2yr 



2rr 



Which gw&thji3 ffiieojem^ 



fi _ 



2^ + 3^ 
Hh 2 



=r tf 



By 
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By this Theorem the Biquadrate I(ooto{ any Number may be 
ExtraSied. But, as I have already laid, Page 154, diofe i&^ 
traBions may be very well performed by Two EstraBions of the 
Square Ro'^\ Vide Example, Pagei7^<^. » 

IV: To ExtraEi the fi&urfolltr Roofj viz* a^ = 6. Qocrc a^ 
It r be taken Lefs thany«(/?, then r -f- ^ rr <«.' As beforew 

And X — ^=r^= Z). Which gives this ffftco^em •< ; = e 

By this Theor. the SurfoUdKpot^Examf. lyPage 136, isExtra&ed. 
But if r be taken Greater than^w/? ; then r ^^e-=a. 

And -s ^— =— - = D. Which gives this Ct)e(aem > = e 

By this Laft Ti&^or^iw the J5v^ww/>i? in Pa^e 137 ii perform'd. 

I rrefume it needlefi to purfuc the Raiimg of thofe Theorems, 
for Extrading the Roots of Simple Powers, any further ; becsiife 
the Method of doing it is General, how high foever' they are ; 
and therefore it may be eafUy underftood by what is already don^ 



N Section 2. 

Nctwithftanding I have already ihewed x)\t Solution of Qua^ 
drafick Mquafionsy two feveral Ways, wz. by calling off the 
Lowed Term ; and by Compleating the Square, vide Section 2. 
P^g- 1 95 J &c. Yet it may not be amifs to fliew, how thofe 
Mquaiions may be B^fqhed into Numlers by this (Snlbef fal 
Method of Continued 5^'r;V J ; wherein, if the Firft r be taken 
Equal to the Firft true /(oof, or Sin^e Side of the ^fdvendi 
And every Svrgle Value of e (as it becomes found) be ftill 
Jddjd ro it, for a new r, Then thofe Roots may be ExtraSied 
without repeating a Second Operation, As before in the S/«gfc 
Fovirrs. ' ' * - 

C/7p I. Let aa ^ 2 la -rz G, Tis required to' find the 

Value o( a. ■•:•'■' 

Fur 

. I ©-2 
I X 2^ 

2+-3 
5—2 



r -^ e m« 

rr -|- 2re -f- ee — aa 

ihr H- 2he = 2^/1 

rr -\- 2hr-Y 2re -^ 2he -\^ ee ^=z aa -{- 2ha zz Q 

2re + 2iee ^ ee =z G -^ rr ,.^ itr 1 

r^+ ^^ -f. 4^-^ — ^ G — { rr — ir = D ^ 

Which gives this Ibcojeai ^ . , , i^ = tf 

'^ -T" ^ r 2^ 

• Sup^p6f<| 



c:hap> IP- Of anfetten iEqitationg> 'z^% 




iftr = 5ooo ^ ^9346432,5 = ^5 

* — 364 •—1432000, zzzlrr-^hp 

ift r + 2^ = 5364 5026432,$ =r Z) (800 = ^ 

^'i^^' 4^0 ' 46U2 

I Divifiiir 5764). 41523 ( 6o = f 

•2d r + * = 6164 if ^64. 

2Dhifor6m} 43592,5 -867 — e 

3 DiwT^r 6227,5 
''?r=^^>=5867 = « Aswasrequited. 

Ci/^ 2. If^«/i — 2i'^ = G Then proceeding as abcm^ Ibe^f 

ivUl arife this '^fttojem, < jTZTj oT"^ = ^. &c* 

And in Caf^ 3« viz. 2^^ — /u = G you will faavfi^ 

this Cbeo^o 1 ^'. . &c As above. 

I think it necdkfs to trouble the Reader with the Work of 
theft Two Theorems in Numbers; becaiife if the laft Example of 
Cafe I, be underftood, the other will be eafy. Not but; that( 
iStit Method of Complealwg the Sfmre is very ready and eafy, aa 
you may ohfervc by the Work infeveral Queftions of this Chapter, ■ 

SeBim 3. ' 

In the Splufim ot all AdfeSied Mquait^ns^ thfit are above ^ar 
h'i^er tha^) Quadrdtieks, it Will be the beft Way to take r = 
the ^ext neareft Root of the JEquatim : And then it wilt 
be r + ^ -==. -a it r be Lefs tl*an /flf/?.; Or r -^ ^ = ^' 
Jf r be Greater than /o^ f /ij ^f the he^ming^ of this Chap.)! 
' And all the Powers of the unknowil Part of the f^oot (viz. e/, 
^bo'^it^ Square (ee) are to ht RejeSted or caft Off'^ As before 



iu 



23S 



^itbta. 



Part lU 



in Railing the Theorems for the Simple Powers. And therefore 
it is, that to fupply the want of thore Powers (above er in the 
Theorem) tli? Operation muft be repeated : As in the Example^ 
of &citaSling the Cuhe Rooty Page 133, viz. when the Figures 
in the Root confift of more than Three PUces (^w^fi? Page 140, 
and 141.) 

Suppole aaa + iazizG* Qaere a. 
Let I I r'{-e = a viz. Let r be fuppofed Z>/j than Jufi. 

1 ©- 3 2 rrr -I- 31^^ + 2ree = ^/s 
I X ^ 3 ^r -^ fo =x *4 

2 + 3 /^ rrr ^ hr -{- yre + ^^ + 3^^^ =3 ^^* -f- ^<i = Cr 

Which gives this %\f,9itm < ? ^ 

Ir A e 



5 — &c 



5 



7 



But if r be taken Greater than /«/?, then itwiH 
be r* + -* — *tf = |irr -J-'i*.— ^^D Which produces 
C D _^ ^ 

By either of thefe TwoTheorems the Value of a may be cafi^ 
fbund. Or radier otnerwift, as in the fofiowing Example. 

Ijtt ^ + 24^ fc= 587^14 . Here > = 24 

iSuppofc the Firft r = 90 Then r3 = 729000 y^ 5JB7914. 
Vitho.ut the 24 >C 90 being added to it : Therefore r -^ 90 
Ag^n^ Suppofe r ^ 80 Then r? rr 512000^ And 24r :=: 1920 
But 512GO00 -f- 1920 =519320 ^ 587914 Hence ^f' 76„ 
but nearer to it than 90. Therefore 

1^ J^e zz a Ijefstixasxjufi. 

rrr H- y^e -{- yree = aaa 

24^ 4- 24^ s=: 24^ 

512000 + 19200^ + 240^^ == ana 
1920 4" 24^ =p 244 

513920 4- 19224^ -4- 240^^ = 5879x4 

19224^ + 240^^ z=L 75PP4 
19224^ + 240^ z=r 73994! . 
80,1 e-^-eiz^: 308, 31 z= J) 



it' muft be 


I 


1©-^ 


2 


I X 24 

2, in Niimb. 
j^inNufifib, 

4+5 
5=513920 

• 7-i-240 


3 
4 

7 

8 




9 
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Operation 8o,i) 308,31 = D (3,7> ^ ^ 

+ ^ =,3' 24P,3 
i. Dm/or 83,1) 5P,oi Firft r — 80, 
+ ^= ,7 58,66 +^= 3^7 

2. DiVi/br 



z.£^#i^/;c/^ 83,8) ,35 r + ^=83,7 
Or rather New r = 83,7 for a Second Opef^htidn, which 
being involved and fry^i (as above) wUl be found greater than 
V«#^* Therefore 



jtift: Therefore 



it 



muft be 
1 ©"3 
1 X24 

2^nNumb. 
3 ^n Numb. 

8 + 



rrr . — ^rre ■+■ yee i='aaa 

24r — 24^ = 24* 

58d?76,2'53 — 21017,07* + 251,1** = <M« 

■2008,8 — 24* = 24« (914 

588385,053 — 21041,67* -+- 251,1** = S87 
21041,07? — 251,1** = 47?>05? ^ 

B3,79W - ** = i>87595778 = Z) 



1. Divifor 83,7755) 
.— ?J r= ,002 



D 

83.7955—'' 
Operation 83,7P55) »>875P5778 (>0223 = * 

— <? = ,02^_ 1,675510 

,2001747 
,1675470 

2. Diwjor 83,77?5) ,03290078 
I — f=^ .0003 ,02513 196 

3. D/w/of 83,7732) ,00776882 

Having once found W/ the. Places of Figures for the Vajiie 
of *, it wiU be needlefs t;o form New Dhifors C^f f^^^^lj^^ 
I the reft of the Figures may be as truly found by plain DivifioA 
only. Thus ' . , 

The laft Divifor is 83,7732) ,007768820 (,0223 = '^ I AdJ 

7539588 (,0000927 i 



Laft r = 83,7 

-r- e^ ,0223927 

r-*ft= 83,6776073' 



2292320 

1675464 

6168560 
5864124 &c. 



,0223927 = * 



But if more ExaSijefs be required, you hiay inzke the 
^W r p:^ 85,6776075 And procee(i with it to a Third O/e- 



jM 



ration; which will ^^^ Twenty-'fcveq Fkces of Figures •^_ 
the l^^e of a ; That is, every Operation wiH produce TH^fc- 
the Places of Fibres to thofe of the Precedent r. And this 
TiripUng the P/^t-^ j of Figures in the iP(70f , at every Operatiovy 
holds good, and is to be obfervcd in the Solution of aH AdfeBed 
JEauations (boui hi^h foever tbey are) according to this Mediod 
ofRefolvingdiCiih SeePi^ei^ii 

Example 2. Supp^fe aaa-^iazzz G. Quere 4. 
Ifr + ^=s/x Thenre— 2£f ^^^l-ifi^^j_.t.^s=:^ 

Z) 



IF 



.r=:^ 






Which gives this Theorem 

But if r — ^= 4 Then ^^ + i££ 4. ^^ ir ^=^+'*_ |fr=D 

C Z) 

which gives this Theorem < !FT 

i^'^r ^ ^ 

Or you may proceed otherwife, as In the Laft Example. 

Let aaa — 6438^ = 104785688 Here t z=z 6438 
Sujppofe the Firft r nr 500. rir = 1:^5060000 and kr z=z 521POOO 
Then 125000000 — 3.219000 = 121781000 
But 121781000 P' 104785688 Therefore r -^ 500 
Again, Suppofe r = 400 rrr z=: 64006000 . and tr s= 257520a 
Then will 64000000 — 2575200 == 6142800 
JBut 61424800 ^ 104.785688 Hence r y^ 400 

Confequently r is feetwixt 400 and 500; But 506 is the next 
neareft I Therefore, Let r = 500 being Greater than/»^; 

Then 

2, in Numb. 
5, in Numb. 

4 — 5 
6 + 
7-r 1500 

8^ 



r — e -ma 

rrr — yr^ 4- yee aaa 

Ir — he z=z}fd 

125000000 .^ 750000^ + 1500^^ = fl/2ii 

3219000 — 6438^ = 6438/1 (5688 

I21781000 — 743562^ + 1500^^ ss: 10478 
743562^ — 1500^^^ ss 16695312 f 

495^ — <?^ = II330 z= Z) 



OperatiM 



I ^ 
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>4i 



CperatiOTi 495) 

^ — tf = 20 

1. Lhifor 475) 

— ^ = ^ 

2. Divifor 472^ 



I1330 

1830 
1416 

414,0 
377,6 



Firft r = 500 
— <^ = 23,8 

r — . ^ = 476,2 = lif 



Let New r = 476 for a 2d Operation. Then r? 2= xo78'5oit^ 
and ^ = 3064488 Bat 107850176 — 3064488 t=z 10-4785683 
f he fame with the Refohend. Confcquendy d =: ^jdjufi. 
Example 3. l,ct ha^aaa z:z G. Qacre a. 

_ Z) 
which givts this Theorem 



=r ^ 



r 



But if r — i? = tf Thcnf^ -> i^ _ ^^ = I£+ j r^ _ :j — ^ 



fvhich gives this Theorem 



rrtf 



r 



Or otherwife as before in the Two Laft Examples. Thii^ 

Let ii^^^Sa^^aaa -^p 12272861 . Here J = 123456 i 
Sappofe the Firft r = 200 Then rrr ■==. 800O060 . aijd 
hr = 24691200 . then 24691200 — .8000000 = ? 669 1200 
but 1669^200 P^ J2272861 . thetefore r is Here Lefs thai) 
/jfr/7, becaofe the higbeft Power ^ — , or ffegaiive. 
A&A19 Suppofc r as 300 thenr? = 27000000 and br = 37036809 
Incn ^57036800 — 27000000 = 10036800 t; 12272861 
Confeqiennyr^^opmSir::^ 200 
Jxt r = 300 . bang the next neareft, but more thm/ftfi. 



Tbcii 

2, in Numb. 
3^in.Nimb. 

7 -r^oo 



r — e=fl 

rrr — yre + yee = >?/z^ 

27000000 — • 270000^ = + poor/ 
3703680P .— 1 23456 / 

10036800 + 146544^ — ^0^^ S= I22r728<$J 

146544^ — 9004f^it== 223606JI 

l62<? ~ ^^ = 2484 i==p ^ ^ 



lOZ-r-lf 



ii 



Qm/lr 
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Oferaiion. 162) 2484 (i6^a=tf 

— exs, 10 152 f ' 

I. Divjfor 152) 964 Firftr=S30a 

— e=z 6 870 — e =z 16,6 




2. Divifor 146; 88,0 y — ^ z= 283^1. = ii 



Or New r = 285 which being Involved^ Sec. will appear to be' 
the true Root. That i^, a :±= 28:5 /«/?. 

Note. I'hefe arc ufjally, called the Three Forms of C«i/fi 
JEquationj; and in die Solution of ^ Third or Laji Form j viz, 
ii^4 — /z/!itf rr G, you may meet with fome feeming Difficulties) 
efpecially in maki^ig Choice or the Firft r, becaufe this Equation 
is an Amhiguous Mquaiion^ and hath Two Affirmative Roots. 
viz. a Greater and £^^cr ifoof. But having once found cither 
of them, the other may be eafily obtained by Divifton only; 
As in the Cluadratick /Equations. Vide Chap. 8. 

As for inftance, in the Laft E^amfUy a = 283 
And 1234^6/z -i- aaa rz 1 2272861. ^ yi/^ajl:^ thcfc Tiw 

Xqnaiions = o. To wit, Let /i — 283 = O. 
And — aaa + 123456^ — 1 2272861 = o. 

Then, a — 283) — aaa + I2^^^6a — 12272861 ( — tf/t 
.— ^ii3^ -[■ 283/2^ 

— 283/1/8 + 1 234*56^ ( — 283^ 

— 203/?^ 4" 80089/8 



+ 43^67^ — 1 2272861 (+433^7 
+ 43367/1— 12272861 
Co) (o) 

Hence it appears that — 44 — 283/1 -f- 43367 = o 
Covfequentlj aa "4- 283/8 = 43367 this Mquation being 
Solved^ /z --no, 2722 8r. which is the LeJJir i(pot of the 
afbrefaid Mc[uaiton la — aaa — G &c. 

After this Manner all the fojjihk and imfojfille Upots of any 
Mquation may be cafily difcovered^ any one of its ^oof / being 
once found. I IhalP therefore omit infertwg more Examples of 
£hat kind. 

Snppofe Ji^a 4- ^/7/2 -{- ca:=G. Quere ^z. 

Let * = 74,f z=z 8729. and G r= 560783 

By Trial f /jj hfyri) it will be found that the next nearejl 
15=40 bcinjj fomcthing-Z^yi than jnfi. 

Xhm- 
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Therefore 


I 


r-|-^ = ^ 


I -X ^ 


2 


cr'\'ce^=zca 


1 0-2 : X* 


3 


irr -f. a?'^^ 4- l^ee z= haa 


I ©- 3 


4 


rrr + :^rre 4- S''^^ == ^^^ 


2, in Numb. 


5 


:j4Pi6o --87ip^ 


^, in Numb. 


6 


1 18400 - - 5920^ + J^e 


4, in Numb, 


7 


64000 - - 4800^ + 120^^ 


5 + 6+7 
8— 53i'56o 


8 


531560 + 19449^ + iP4^^ = 5^0785 


9 


19449^ -- I9^e — 29225 


9 -r- i94 


10 


100,2^ -^eeizL 153,06 =?D 


10 — 


II 


100,2 4- ^' 


operation 


100,2 153,06 (1,5==^ 


+ ^ = 


I 101,2 Firftr— 40\ 


I. Divifor 


101,2) 5T8rt +^--0 


+ - = 


! 


5 50,85 r^e = 41,5 = 



2. Dwz/br 101,7 1,01 

\ Or New r =:=: 41,5 for a S^r^^rf Operation^ which being duly 
Involved^ 8cz. will be found more than /«/?. 

Therefore i |r — ^ = ^ 
C 2 K^ — cez=^ca 

Then ^ 3 U^ — 2^^ -^-yee = ^4:/« 

C. . 4lnT — o^rre -|- 3''^^ = aaa 

Thefe being turn*d into Numhersj Sec. 

will be i0037,75^^— ip8,5^^ - 3PO,^75 
Divided by 198,5 Xht Co-efficient oi ee 
100,946^ — ^^= 1,^66624 &c.=D» 



As above, they 
which being 
will becoqie 



Oferation. 



100,946 
>oi 

xoo,93<5) 

,009 



2. D/t>//br 100,927 

* Hdre I proceed by 

plainZ)it;i/?^«,without 

* forming Htvi Divifor s 

fLaftf = 41,5 

_*?= ,0194847 



1,966624 

l,oo93<^ 

957264 
908343 

* 489210 
403708 

. 855020 
807416 

47^^040 
403708 



(,0004847 

,0194347 == ^ 



r— .^=5 41,4805153 =« 72332 &c. 

ii 2 



Let 
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Let the Laft Mquafians in the Mmgmoy Cbaf. p. be here ^- 
j^^^/ iot z Soluiion. 

yizm aaaa + ^^x/x^ — caa ^ da ^ G. 

J= 2yC:zZ2S8.d =1^06. mid z:^j'ii:i Qoeietf. 

Bf Tryab it wiQ be foond, that the juxt neareft r =: 20 
jbetflg foimhihg more thznjuft. 



Therefore 
I X ^ 
X ©- 2 : X ^ 
x©-5:X* 
I ©• 4 



dr — dezzzda 

err — 2^e -+- eee '=caa 

\r^i^£ipre t]- 6rree =s aaaa 



Thcfc being turned into Numbers^ and thofe duly CoileSedj 
according as the Sigfis of the ^quotha dired, they will become 

50680 — 22374^ 4- 22:j2^^ 5= 151 3. which being aO 
Divided by 2232 the Co efficient 61 eey 
will be to# — ^^ = 22 s= /> 



Then ^ "^^ — = ^ 



OferatioHj 10) 22 (3=^ 
— ^ = 3 21 

Divifor 7) i 
Firft r == 20 

— ^=3 
r — ^ =: 17 = tf y«/?. See the End of Chap. p. 

By what hath been already done about the Solution of thefe 
few Equations (heivg carefully olferved) I ^Jrefume the Learner 
will eanly Conceive how to proceed in the Solution of all kind 
of JEquationSy be they never €0 Highy 6t Adfe^ed\ therefore I 
ihall not here propofe maoy various J^amplesy but only take 
them as they fall in Courfif when I corae to the next Part^ where- 
in you will (perhaps) find fuch Equations with theix Solutiom 
ks are uoc common. 

* CHAP. 



1 
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C H A P. XI. 

Of Simple Jnfereff i SLnmitk^, or Pen/Ions^ &c. 

^ J AT^r^: i? JSSZ or the Ufe paid for the Loan tkMonej^ is either 
4 Sim fie I Or Comfaund. 

SeBidn i. Of 5/«r/>/e Intersil. 

Siwap/^ Intereft^ is that which is paid for the Loan of any Pr/«- 
ri^^ or Sum oi Money ^ Lent out for lome Time^ at any ^^f^? per 
Cent: Agreed on between the iSorrozt;^^r and the Z^'W^r • which, 
according to the late Laws of England^ ought to he Six Pounds 
for the Ule of 100/. for one Year, and Twelve pounds for the 
Ufe of 100 /. for two Years. And fo on for a Greater^ or Lejfer 
Sum, proportionable to the Time propofed. 

There are feveral Ways o( Computing (or Anfweri^g Quefiions 
about) Simple Intereft \ as by the Single and Double Bjde of 
Jhree (See Page c^Oy &c.) others make ufe of 72z^/f j.Compofed at 
feveral ^ates fer Cent. As Sir Samuel Moreland^ in his Doflriiie 
of Intereji^ both Simple and Compound, is all perfbrmM by 
Tables ; wherein he hath detefted feveral Material Errors com- 
mitted by JDo£lor Newton, Mr. Kerpy upon Wingatey and Mr, 
ClavHy &c. in the Bufinefs of Computing Intereft^ &c, by their 
Talks, too tedious to be here repeated. . ' 

But I Ihall in this TraB take other Methods, and fhew that 
all Computations relating to Simfle Intereft are grounded upon 
Arithmetick PrcgreJ/iqn'; and from thence Haife fuch General 
Theorems, as will fuit with aU Cafes* In order to that 

C P m Any Principal or Sum put to Intereft. 
j^ JjS =s The /tat to of the Rate^ fer C^nt. per Annum. 
Jf =z= The Time of the /Vi^rip^/ Continuance bz Intereft. 
C^ = The Amount of the Principal, and its Intereft. 
Note, The Ratio ot the Rate, is only the Simple Inttfreft of i U 
for one Year, at any given Rdt^ ', and it's tlnis found. 
Viz. 100 : 6 : : I : 0.06 = the Hatio at 6/>^f Cent, per Anuum^ 
Or 100 : 7 : 2 i « 0,07 :?= the Ratio at 7 per Cent, &c. 
Again 100 : 7,«) : ; x : 0,075 =? the H^f^ kt 7 and i /^t'r 0«f. 

' And if the given Time be whole Years ; then t =xs the 
i Nutnher of wliolc t^^nri ; But if the Time given» be either pure' 

IfoTti of a K'tfT, or f^/i of a Year mix'd wirh K*^j \ thofe 
1 -P^^'fj muft be tum'd into Decimals; and thert t r=r thofe 

t^cimalsf &c. Now the common P/irfi of a K?^r may b? 

ealil/ 
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eafily tum'd or converted into Decimal PartSy if it be oonfideced 

c Day is the ^Vt P^*^ ^f^ ^^^ = 0fiO7:j\fere 
That 0«/< Month is the ^t P'ari of a Year o^oS^^^^^ &c. 
/ Qiiarter is the \ Part of a Year :=s: 0,25 
Thefe Things being preqaifed, we may proceed to ^£ifing the 
Tbeorems. - 

Let if? ::= the Intnefi of i /. for tme Year. As before. 
Then 2R s= the Tmfereft of i /• for two Years* 
And ^R = the Intereft of i /• ftsr three Years, 

^R z=r the Intereft of i /. Sot four Years. And fo on for 
any Numler of Years propofed. 

Hence it is plain, That the Simple Intereft of one Pound is a 
Series of Terms in Arithmetii;k Progreffion Increaftng ; whdfe 
Firfl Term and Common Difference is R. And the Number of 
all the Termf is f. Therefore the Lad Term will always be 
*i^== the Intereft of x 7. for any given Term fignified by f . 
rp, < As one Pjound : /j to the Intereft of iL :: So is a/rf 

1 ncn -^ Principal or given Sum : fo its Intereft. 

That is, il.itRiiP: tRP — the Intereft of P Then the , 
principle being Added to its Intereft,^ their Sum will be = ^ the 
y^iKO»;^f required : Which gives this General Theorem. 

Theorem tRP J^ P P =A 
From wlience the Three following Theorems are eafily deduced* 

Theorem 2. {j^qrj "^ ^' Theorem 3. ^—"^ =s /^ • 

Theorem 4. -^ ^ = #. 
Thefe Four TheoremsKtiolw "sSiQueftions about 5'/>»/»/^ Intereft. 

^^neSton i. What will 2%6L id s. Amount to in 3 Yearsj one 
Quarter^ 2 Months^ and 18 Days^ at 6 per Cent, per Annum. 
Here is given P = 256,5. R = 0,06 . And t r= ^^^6^99 
For 3 Years = 3 Quere >^. per Theorem i. 

one Quarter = 0,25 
2 Months = 0,16667 = 0,08333 X 2 
18 Days = 0,04932 = 0,00274 X 18 

Hence jf = 3,46599 : X 0,06 = 0,2079594= tR 
Then 0,2079504X256,5 = 53j^4I586 = tRP 
-And 53,341586 + 256,5 = 50984i$86 —tRP^P:=A 
That is, 30^,841586 = 309/. 16 J. lod. being the Anfwer 
required. * ' 



Ch ap IP. Of Simp le 91nteteft. 147 

^UffttOlt 2. ^i&tf f Prmcipal or Sum teing fut to Inttrefty 
voill Raife a Stock of 309/. 16 i. 10 A in Ihrce Years, one 
Quaiter, Two Months and 18 Days ; 9t 6 per Ceiti. per Am. 
num ? 

Or the fime Qoeftion otherwife flated tbos* 

' What is ^cp/. 16 s. 10 d. due 3 Yedrs^ one Quarter^ 2 Moutbi 
And 18 Days bence^ worth in ready Money ; Akating or Difiouni* 
ing 6 per Centy Sec 

Here is given A =« 509,841586 It = 0,06 f = 3^46599 
C found as htfofe) Hience to find P. Per Theorem 2* 
Fira 3^6599 X 0,06 = 0,2079594 = tR 
Then tJf -f I — 1,207959!) 309,841586 = A (256,5=P 
Xbat is, 256,5 = 256/. 10 i. the Anfwer required. 

^aeltiotl 3 . At what RaU or Merefij per Centy Ac. mU 
256/. 10/. Amount to 309/. 16 i. lod. In three Years^ one 
Quarter^ Hvo MontbSj and 18 Days .^ 

Here is given, P = 256,5^ = 309,841586 and f = ^^^"^99 
To find R. Per Theorem 3. 

Firft 3^^*84156 — 256,5 = 53>34i586 = ^ — P 
Next ^^^6^99 ^256,5 = 889,026435 — tR 
And t^ =s 889,026435) 53,341586 (ao,o6 = the Ratio 
Then i /. : 0,06 : : 1 20 : ^ = the f^^e required. ' 

^aefftOtt 4. In nrhaX Time will 256/. 10 s. Raife a Stock 
of (or Amount to) 309 /. 16 s. lod. at 6 per Cent. &c. 
Here is given, P == 256,5 A = 3091,841586 and /^ = 0,o6 
To find t Per Theorem 4. , 

Firft 309,841586 — 256,5 r= 53^341586 —A — t 
And 256,5 y 0,06 = 15 . 39 = PH. 

Then I5,39)53>34i586^ (34<5S99 = t 

Thai is ^ = 3 Years and ,46599 Decimal Parts of a Year ; which 

may be brought into Common Parts of a Year, thus 

0^-6599 And 0,08333) 0,21599 (2 Months. 

o^2'y=:ene Qftarter yi6666 

0,21599 0,02074) ,04933 . (18 i)^jfx. 

Hence f = 3 Iif^rj, o»^ (luarter^ 2 Monthsy and 18 Dijyx 5 the 
^«yw«' required; 

It muft needs be eafy to Conceive, that what is here done 
at 6 per Cent, may be done at any other Rate of Intereft, by 
fooning the Ratio, viz. R accordingly. 
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Although it be according to the Laws and Cuflom of Etr^aad^ 

to compute Intcreft at the Piroportion of 6 fer Cent, (as above> 
..yetjiecbattajs^si^ Money at Intereft for any Time Lds tbaa 

)EIven or Compleat Years, pay^ more Inteiefi thaQ leeiqs realb- 

nabiy Due, aGCording to the Rules'of Art. 
^ As for ii^ance ; tf loo /. be forbom at Intcrcft one Whole 

Year, it amounts to io6 /. But (I fey) if it be paid at the Half 

Year's End, it ihouid oQt amount to 103 ; as appears from this 

foUowLjg Proportion. 
^ Let ^ zr the Amouat? ^m at the Half Yearns End ; Then ic 

will be 100 I a I I a z 106 the Amount at the Year's End. 

JS/jjo/f^sc:io6ooAnd^:3rv'io6oo:=i«02,956l=i02/. 19s. i^d. 

which is Lefs than 103 /. by 10 J. i d. And it it be paid in Ljefy 

than Half a Year's Time, the Enror piuft needs be the Greater. 

SeSJion 2. Of SinmititB or ^tnfmu in Arreari ; Cm- 
futed at Simpk Jmmfi. 

'jfTiftuities or Penjions^ &c. are (aid to be in Arrears^ when they 
are payable or Due, either Yearly ^ or Half -yearly^ &c. and are 
Unpaid for any Number of Payments. Therefore the Bufineis is, 
to compute what all thofe ^ayntr^s will amount unto, allowing 
any Rate of ZimfU Xnterefi for their Forbearance, from tbe 
Tim each particular Payment became due : Now in order {9 
that, 

r* » = the Annuity Penfionj or Yearly Rent, *c. 
p J f = die Time of its Cantimance, or being Unpaid* 

^ i( — the Ratio, or Inter eft of i /• for i Year^ As befoie* 
^ -^ :=: the Amount of the Annuity and its Inter efi. 
Then if « = the Firft Year's f^enS, due without Msrefi. 

^% S [he %Zf{^^ « *^ Bndoiii»trmti,Xe^, 

And fo on for any Number of Year$. Hence it*s ^vi^enf^ tfeaf 
-^»4- 2il^4-5^f/+4/l«-f 5»=/< itheSuroof ajl ^ i(gti$$ 
and tlicir Intsreft^ being forbojrn $ Y^W^ 
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From whence it follows, that if«+2iP«-h3^«+4^«=-^— '^•, 

Here f = 5. Divide by «, Then I^-^ 2if +• 3^+ 4^= ^^^=^ 

Next to find the Sum of this Frogreffion (See Page 185.) Thus 

; JLct ^+ 2H4- 3l^+ 4^ &c.=2. Then i + 2+ 3+ 4&c.= ^ 

Here the Sum of the Firft and Z^y? JS-mj arc 4+1 — 5 = ^ 
And the Numbers of all the Terms is 4=^—1. Therefore- 

- '^ X f = the S«OT of alt the Terttis. That is, ^.Hlf =:-^ 

Hence ■ = z. ConjeqUentij z=z 

Now from this JEquafion it will be eafy to deduce :the following 

Theorems. 

Theorem ,,^^^^«-^^« + 2^^^^^ Q^j^IIt^^^xu^A 

Theorem ^.{ ^^^^^ ^u. morem ^.{2^^^R : 

Lct^ — iz=x.Then/r=/-J^+^: — i x ^Tbeorem^. 

ffliuefticn I., If 2<,ol YearlyJ{ent (orPenfton, 8cc.) hefor^\ 
torn or unf aid Seven Years \ Whai will it amount to in that 
Time, at 6 per Cent, for each Payment as it becomes due ? 

Here is given »=525o. firry. And iPs=o,o6 To find A. Ptr 
Tb. I. Firft 256 x 7 = 1750 = fu. 1750 ^ 7 — 1 2250 =: itu 
Againi2250— i75omo5oo=n«— f«. AndV*'4''«» x 0,06 —315 
Laftly 315+1750^2065=^. Viz. 2065/. isthe Anfw. required. 

But if the Annuitjy Rent or Penjion, is to be paid by Quartefly 
ot Half Yearly Payment Sy 8cc. 
Then ••' =s 0,03 = if for Half Yearly Payments. 
And •!* = 0,015 ssiP for Quarterly ; Or oi 045 -=r J^. for 
Three Quarterly Payments. Example of Half Yearly Payments. 
Suppofe 250/. per Annum, to be paid by Half Yearly Payment s, 
were in Arrears,, or unpaid for Seven Years ; What would it 
Amount to^ allowing 6 per Cent, per Annum /or eab Payment as 
it becomes Due! 

In this Example there is given a t=r i2«> ^ 'i* f == 14 the 
Number of Payments j And ^,=:0, 03 = '5* Thsnce to find A. 

Firft 125 X 14=1750 =:/«. 1750x14 = 24500 = //^. 
Again 24500— 1750^=227501::////— /?^. Then i^l^^ — iiqTP 

K k And 
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And ii?75^ 0,03=341, 25 Laflly 341,254-^750=2091,25, 
That is, ^=:20pi /. 5 $. the Anlwer required. 
N. B. Hence it may be Obfervedj that Half Ycaily PapiieBts 

are more Anvantageous thsm Yearly. 
For 209/. 5 J. :?^ 2065/. by 26/. 51. Confemtentl% Quarter- 
ly Payments are more Advantageous than Half 1 eany Pay- 
ments. 

^Vitftim 1. What Yearly Rent, Penjion, Sec tei^g for^ 
hprn or unpaid Seven Years,, will rcufe a Stock of 2065 /. Movoing 
6 per Cent, per Annum for each Payment as it becomes due f 

Here is given 2^rr2o65 . t s: 7 And J(ss: 0,06. To find m. 
Per Theorem 2. 
Firft 7 0,06 -=r d42 = f/f, and 0,42x7 = 2,94 sf/i^. 

Then ^f^—f^ -2,52. • . 

Laftly ttR-tR f 2f=i6,52) 4130=- 2A (2%0-u. 
That is, 250/. fer Annum, Sec will Rsufe 2065/. die Stock re- 
quired. 

^nefftdlt 31. In irhai time will 250/. Yearly ]\enf Raife a 
Stock of 2065/. Allowing 6 per Cent, &c. for the Fortearance 
of the Payments as they become Due .^ 

Here is given u — 250 . A = 2065 = And R =r 0,06 To find t. 
Per Theorem 4. Firft 

Jo,o-J — ?3>?333 And 33,3333 — i — 32,3333 = x = ^ — i 

Then 16,16666 &c. = i x , 261,3605 &c. = ^ x x . 

Again ^ ;|» = 275,333 = 2^ — i^p And 275,3333 + 261,360$ 

= 536,6938 = ^ + ix X. Then -• 536,6938 = 23,1666. 

Laffly, 23,1666—16,16662=7 =f the Time required. 

^Utftion 4. If 250/. F^/2f7jf Renty being forbom Severn 
Years, will amount to 2065 /. allowing Simple Interejl for every 
Payment as it becomes due, what mufttbe Kate of the Interejl he 
per Cent. @r. 

Here is given « = 250 . -* ==s 2065 . And 1 = 7. To find 1^; 
Per Theorem 3. ^ 

Thus^f '^"^ ~ "^50 • 4130 = I A 
^^^^\^tu^ 1750 . 3500 = 2f» 

ttu^tu — I0<i00 630 »=: 2y<-^2f» (0,06=/f 

ThciX 1 : 0,06 : J 100 : 6 the Rate required. 

SeSiiou 
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SkBion 3. 7%^ IP^lfent »%rfA of jannuiffes or Pen-- 
Jionsy &c. Computed at Simfk Intereft. 

The Bufincfs dEPurcbafing Anmities^ or taking dlLeafesy 8cc. 
£br any affigned T/Vw^, depends upon the True Mquativg of the 
jPrincifd or Money laid out on the Purcbafe, wim the Amuiiy 
or Yearly /ft'vf , by allowing (or Difcompthg) the fame Jiate 
of IfTtereft to both P^fw. Which may be eaffly perforra'd by 
<3u]y applying the rerpe£^ive Tbeorems of the Two Laft Seciion^ 
together. As will fully appear by the following Quejiion. 

^Vatftim 1. What is 75/- Yearly ^nt^ to continue Nwe 
Years, worth in ready Money, at 6^ Cent, per Annum Simple 
bitereft? • 

!• Per Tbe&rem i. of the Laft SeSlion, find what the pr^pofed 
Yearly Rent would Amount to, if it were forbora 5? Years at 
6 fer Cent* 

Thui « =5 75 . f ax p. And R .•= 0,06 Quere A^ 

2* TTien by Tbeerem 2. SeSion i. find what Principal, being 
put to Intereft for the fame Time, and at the fame Rate, wiU 
amount to 837 /. = A. 

Thus f^=o,54rspXo,o6 • t/f+i ■= 1,^4) 837 (543,-50^4 =-?» 
That is, i'=543/. 10 i. i\d. Which is the Worth of 75/. a 
Year, as was required. 

From the Work of thefc Tv^o Operations (duly Confider'd) 
it lauft needs be E4y to Conceive, how the Two Theorems by . 
which they were perfonnd, may be Combined in Ontf. 

Consequently PtR + P = *»^*> — ^^» + ^^" And fiom this 

JEquatio/t maybe deduced the foQotving Theorem t- 

„, (tt8v~.tMu±2ttt p ^ ttR—tR\-2t ■ „. 

^f^^"^ '' i ^2tR+2 — =^- ^'— ]f Tr-^^*=^- 

By this Theorem all Que ft ions of the fame kind with the Laft 
(viz. that ^ove) may be eafily and readily Af^wered at one 
Operation^ 

K k 2 r*^ 
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Lct^-2^-.i=x/ Then will ff + xfzr^ 

Which gives this Theorem 4. < V -^ — |-^ : + — = f 

By the Second zx\A Fourth Theorems^ Two very D/</«/ Qsf^r 
ens may be calily anpaoerd* 

J. yf f /or In fiance : If it he required to find what Annuity, or 
Yearly Hent, Sec. may he furchafed, for any frofofed Sum^ to 
continue any aJJignedTimey allowing any i(ate of Intereft .^ 
^^ This Queflion may be Anfwercd by Theorem 2. 

2- Again : If it he rehired to find bow long any Yearly t(fnty 
PtnfioHy or Annuity^ &c. may he fur chafed (or enjoy d) forofvf 
frofoftd Sum J at any given Hate of Interefi ? 

All Queftioiis of this kind are eafily Anfwered fer Theorem 4. ' 

In thefe Queftions it is fuppofed, that the Purchafer orYearty 
Rent, is to Commence or be immediately enter d jipon. But 
if it be required to find the Value or Purchafe of an Annuity or 
Yearly Rent, gr. in Reverfion ; That is, when it is not to be 
Enter'd upon until after fome Time, or Number oi Years are paft; 
Then you mud firft f iid what the Sum proposed to be laid out 
in the Purchafe, would Amount to, if it were put to Intereft, 
during the time the Annuity, Qc. is not to be put in preftnt Pof- 
feffion ;■ and make that Amount the Sum for the Purchaft proceed- 
ing with it as in either of the two laft Queflions, gr. 

Note, Frqm the Firfi Quefiion of this SeSIion it will h^e eafy to 
Conceive hov^ to ferfcrm the JEquation of Payment s^ between 
Di^i tor or Creditor y at any ^te qf Interefi^ without doing any 
Ifatnege to either Party. 

1 iiat is, when feveral Sums of; Money are to be paid, at 
feverai different Time, to find the Tinlfe when all the Payments 
may bd' truly difchargd at once: As If one Sum were to be paid 
at ?he End of two Months, another at Six Monties, and perhaps 
a Third Sum at Eight Month's End, gc. And if it were required 
to find the Time when all thofe Sums may be truly difcharged at 
cue Payment without Lofs, £Jr. v. . . ,. 

• CHAP. 
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CHAP. 331. 
Of Compouna Intereft, and ^nnnifies, &c. 

g^OMPOVND Infer eft is that which arifes from any Prhci-' 
^^ pal and its Intereft pttf together, as the Intereft fo becomcsf 
Due ,• io that at every Payment, or at the Time when the Pay- 
ments became Due, there is Created a Nfw Principal i And for 
t:h^t ^eflfan it'? Called Intereft upon Intereft^ or fomfound 
Jktffreft. . 

As for Inftancc; Suppofe loo/. were Lent out for Two 
Years, at 6 per CenX. per Annum, Compound Intereft : Then 
at the End of the Firft Year, it will only amount to i66L As 
in Simple Intereft. But for the Second Year this io6/. becomes 
Principal, which will Amount to 112 L J s. 2$^. at the Second 
Year's End, whereas by Simple Intereft it would have Amounted 
to but 112/. 

And altho' it be not jiawful to Let out Money at Compoiipd 
Intereft ; yet in Purchafing of Annuities or Pcnfions, &c. And 
taking Leafes in Reveriion, it is very ufual to allow Compoiind 
•Intereft to the Purcbafer for his ready Money j and therefore it 
is very r^uilite to underftand it. « 

SeSiion u Of itompoattb Intereft. 

rP-the Principal put to Intereft. J 

\ t'zzthif Time of its Continuance. ^As before. 

Let s.A—tbe Aipount of the Principal and Intereft, 3 

) o^^CtheAnount of 1 U and its Intereft for i Yeafy si 
V '^i any given H^te^ which may te thus found, , 

Viz. 100 : 106 : : J ; 1,06 =r the Amount of i /. at 6 per Cent. 
Or 100 : 105 : : i : 1,05 ^s the Amount of i /. at 5 per Cenf. 
and fo on for any other affigned Rate of Intereft. 

Then if i^, — the Amount of 1 1, for One Year, at any Ratc^ 
ii J^.= the Amount of i /. for TtxH) Years. 
i^ /I /^ =: the Amount of i /. for Tbeee Years. 
i^f ips the Amount of i /. for four Years. . 
K^ = the Amount of i /. for pive YeaYs. Here f = 5 
For 1 : R : :r: Rit : : RR : KKX : : BRR :it* : :r*: It* :&c. in tt. 
C As one Pound : Is to the Amount of one Pound at onei 
That is < Year's End : : So is that An^ount 2 To the Amount of 
CQiie Pound at Two Year's Endj Qc. 

* ' ' ' Whence 
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Whence it is plain, that Compound Intercft is grounded up- 
on a Scries dt Terms, Increafing in Geometrical Propomoii 
Continued ; wherein t (viz. the Number of Ycars^ does al- 
ways aiSgn the Ind^x of the lafi and higheft Terms. 
yiz. the rower of iP, which is Rt. 

Ag«n, Asi : m I : P i PRt — A the Amount of P for 
lEhc Time, that Rt = the Amount of i /. 

r As one Pound : Is to the Amount of one Pound for any 
That \&< given Time ii So is any fropofed Principal (or Sum) 
(To its Amount for the fame Time. 

Tromthc Premifes // frefume) the Res^on of the fbllowiiig 
Tbeoremsj may be very ca% underftood. 

Theorem i. Pkt = ^ As above. 

From hence the Two following Theorems are eifily dedqccd. 

Theorem 2. ^^^=^- Theorem^. -{^ = Af. 

By tbcfe Three TheoremSy all Quefiions about Compound In^ 
tereft may be truly Refolved by the Pen only, wz. without Ta- 
bles ; Tho' not fo readUy as by the Help pf Tables, Calculated 
pn Purpcrfe, As will appear farther on. 

^neiliotf I. Wbatwtt 256 J . 10 s . Amount to in Seven 
Years, at 6 per Cent. Tp&c Amum^ Compound lutere/i / 

Here is given P = 256^$ . * ?= 7 -and R = 1,06 which 
being involved until its Index = t (viz. 7.) w* become 

R7 r= 1,50363 

Then 1,50365^256,5 t= 585,6811 = A^sSyl. 13 j. 7^d. 
which is the Aiifwer required. 

€lOt(l|0H 2. i^^i^ Principal or Sum pf Money muft he fut 
(or Let) out to kaife a Stock of 385 /. 1 3 i. 71 d. in SevenYem, 
]it 6 per Cent, per Aiwjum Compound Inter eft / 
Here is given ^ = 385,6811 r = ip6 and f ±= 7 To find P, 
by Theorem 2. * 

Thus R# r= 1,50363) 385,6811 =>* (25^25 --P; . 

That is, P = 256/. %o^ wto* IS th« Wncipal or Sum as 

was require4. 
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iStUtttinn 3. fy what Time ^itt 2^61. 10 s. Raife a Stock 
M^ for Amfmnt to) 385/. i:;^. y^V. ^Momfog 6 pec Cent, pee 
Annum Compound Interefi f 
Here is given P =r 2^6,5 4 = :fi^j6iil r = Ip^ To findf 

*y the Third Theorem ^ iif =p H^li^' = 1,5056?, 

which beinc continually Divided by Ht t== 1/^6 imril aothing 
vemain, the Number of thofe Divifions will be =r 7 asf 
Thus 1,06) 1,50563 (1,41852 And ifi6) 1,041852 0,33822$ 
Again 1,06) r,338225 (i,2624.77- AikI fb on until it be- 
come 1,06) 1,06 (i. which will be at the Seventh Divilioiu 
Therefore ic wiU be f 12= 7 the Number of Yeaia reqiuicod bf the 
Queftion. 

^aefttm 4. ^ 255 Z • 101 . wBl Amwmt to (or Raife a 
Stock of) 385 / . 13 * . 7t^. f« Seven Ytrars Time*^ What mufl 
fbe Rate of Intereft *^, per Cent, per Annum ? 
Here is given P = 256,5 A = 385,6811 and f =: 7 Quere r1 

By Theorem 3. f p = *' = ^>50363. As before in the Laft 

Queftion. And if Rf = A^ = I950363 Then l = ^ Vi>50363 
ivdiich may be thus ExtraBed. 



Put 

X ©"7 
2 — r^ 






r 4" ^ ~ * Then 

ft -^ 7r*r -f- 2ir*^r = r' = lt'y>%6^ ss G 

*=^-^-jLetr=i Then = 0,071^ 



^eraioHT = i,po) 0/5719 (0/56 s= e 
Dnii/M; m8 (") tobeigeaed. 

llm I : 0,06 : ; 139 : ^ The Rate fst Cifa. regmred. 

The Firft Three Qaeftions may be much more eady per« 
fbrm'd by the following, TaUe/ which is only the Amounts oC 
one Pound for Thicty-ione Years. 

' That 



iS^ 



atse!);(a* 



l^iT!!., 



That is, of J? . RR . RRR . R^ . Rf . and fo on to R'?. 



1^- 

• I 

2 

3 

4 

5 

6 

1 

it 
t» 

?3. 


The Amounts 
of I /. at 6 per 
Cent 6ce.Com' 
pound Interefl. 


1 

M 
ij 

16 

19 
20 

21 
22 
23 

24 

25 
26 


The Amounts 
of i/. at 6 per 
C«i»/.&c. Com- 
pound Intereft. 


1 

!1 

29 

30 

3» 
3* 

3} 

34 
35 

}6 
37 
38 


The Amounts 
of i7. at 6 per 
Cent.icc Com- 
pound Interefi. 


t>o6 = R 

i,i236=lJR 

l,i9loi6=:J() 

1,26247696 
1,3382255776 

1,4185191122 

1,5030302590 
1,5958480745 
1,6894789590 
1,^908476965 


2,2609039^57 
2,3965581931 


4.8223459407 
5,1116866971 
5,4183878990 
5>74349^i7i9 


2,^40306847 
2,6927727857 
i>854539M29 
3,0255995021 
3>2©7 135 4722 


6,oS8iOo643i 
6,4553866818 
6,8405898828 

7,2510252757 
7,6860867923 


3>3995636oo5 
3>6oj5374i66 
3,8197496616 
4,0489346413 
4,2918707197 


8,1472519998 
8,6366871198 
9>i54^523470 
9,7035074878 


1,8982985^583 
2,0121964718 
2,1329182601 



The Title of this Table Ihews its Conftruaion,and its Ufe wtQ 
eafily appear by an Example or Two. 

Examfle i. What wiJJ 375 Z . 10 j . AtMunt to in Nine YearSf 
at 6 per Cent, per Annum, &r. 

The Tabular Number againA 9 Years is 1,689479 which 
being Multiplied with the Principal 375,5 wiU produce 
634,3993 &c. viz.6^^1 . 8 s .fere^ being the Amount orAn- 
fvver required. 

Examfle 2. What Principal (or Sum) mufi iefuS to Interefi 
to Haife a Stock of 6^\l • Bs . in Nine Years Time^ ^ 6 per 
Cent, per Annum, ^c. 

If the propofed Stock (viz. 634,4) be Divided by the Tabu- 
lar Number that is againfl the given Number of Years (viz. 9.) 
the Quotient will be the Principal ( or Sum ) requir d. Viz. 
againft 9 is 1,689479.) 

Then 1,689479) 6344) 375>5 = 375' • 105 . the Prin- 
cipal (or Sum) as was required. 

jExamfle 3. Jn what Time.toill 275/ . 10 J : Hatfe a Stock of 
(or Amount to) 6^^i • Si • tft 6 per Cent. Qc. 

Divide 
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Divide the propofed Stock (viz. 654,4) by the giveq Princi- 
pal (viz. 575,5) and the Quotient will ihew the Tabular Nura* 
ber that ftands ove? agair^ft the Time fought. ^ 

. Thus 575,5) 634,4 (i,68p47P, 8^'.. this Number being fought. 
in the Table, will be found to fland againft 9 Years, which is the 
Tiftie required. 

/ But if the Quotient cannot be truly found in the Tatle of. 
Amounts for Years, as above ; then take out of that Table 
rfie neareft Number that is Lejs^ and make it a Divifor, by 
which you muft Divide the firft Quotient 5 and then feek the^ 
fecond Quotient in the Tablq of Amounts for Days (which is 
inferted a little further on) and it will affign the Number of 
Days<^ As in this Example. 

• In what Time will 563/. Amouni to 860/. at 6 per Cent, 
per Annum, Compound Inferefi J? 

Anfwer. In 7 Years and 99 D^ysl, 
Thus 565) 860 (1,52755 which Ihews the Time to be more 

(hr dboi>e) Seven Y^ars ; For over againft 7 Years is 1,50565 

which being made the New Divifor : . . ; 

Fiz.' 1,50365) 1,52753(1,01589, Qc. this Number is the ijeareft 

Amount to 99 Days, 
Note, Jf the Stocky Principal^ and Ttme le given ; the B^te. 

of Intereft will le left foun4 hy MxtraSling the ^pot, &c. As 

lefore in the Fourth Queftion^, 

The next Thine that I fhall here prop-)fe, is to make this* 
Table (which is only Calculated for the Rate ofJ> per Cent.)' 
UniverlallyUfeful^ for all the Rates of Compound Intereft, whicf^ 
I may frefume to fay^ is a New Improvement of my qwn^ be- 
ing well fatisficd it never was* Publilhed before ; and not ^only 
{o^ but I have heard feveral very good Artifls affirm it was impoK 
fiblc to be done. 

The Method of performing it is briefly thus, Let x rr- the 
Difference between 1,06 = ^ the Amount of i /. for one Ycair 
(in the Table)' and any other propofed Ainount of i /. for ouip 
Year 5 which admits of Two Cafe^. 

Cafe I. If the propofed Rate be Greater thaji th^ j,o6 =: P^ 
then will i^+ X? ;=: theTtue Amount of i /. for one" Year at than 
> Rate. . 

LI f:afe 



J 
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CtfP2. But if the propofed Rate be l^s, than 1^06= if, 
then it will be ie - X = the Amount of i /. &c. 

Make ^ .^ _-.,-_„. .y^w -». 4/« = j &c. 

Then wai.7?c +- f ^** H- S'^''^* + "^'''**^ *^'J=k f 
Amount of I/, at The given Rarl, for any Tune denoted by t. 

*"Anti'-*if^*+S^'**-«'«'^'*' *=• =** Amount of 

' WhiS^s'^o more bnt this : Let ^ + * <> ^ " * ^^^^ 
tor it is) be involved (as dircfled u, Sea.-y. Cbap.2^ to 
Se fame Power or Height as the Index * the «ven Time in 
SleQuTftion denotes: RejeOhig all die Powers of* above *;.x^ 
Or xxxx at moft, as ufelefe. 

Then multiply that Power of if + * Or ^ — x into the 
givenPrincipal, and their Projiua witt be the Amount re- 

'^'''' An Example or Two in each Cafe will mider all &{y^ \ 

Example I. Sufpofe it v«re required to find v>bat 2^61 . 
JSiLmnttoitPifteenYears, atZl. per Cent, per Aanum 
Compound Intereft ? Here ^ = 15. 

Frft 100 : ic8 : : 1 : i,o8 the Amount of i/. at 8 ferCent. 
Nc 1 1 S-i,o^=o,02=*. Andif + *=i,o8 Asinafei. 
The 1 A^+ 1 5 if- i + 105 ^ " ** +455 A" *Ar* &c. = the 
Amount ot I /. for 15 Years, at 8 fer Cent. 

Here * = 0,02 . xx = 0,0004 . and xxx — ,000008 
were *_- 0,02 By theTable R'f ^ 2,396558 

- ^. 15 R'4x 3= 2,260904 X 15 X»02 =io,6^r7i 

And>io5R''x;« = 2,i32928Xi05X,ooo4 =0,089585 

^455 R'»x*x = 2,oi2i96X455X,ooooo8^^=o,oo7|2| 

Then 5,171736X256 == 812,964416 = ^. 
That is, 81 1 /. 9 *. S'' ■ f^'- Which U the Anfwer as was re- 
quired. 

Example 2. /r/:>«f wi// 365/. Mount I0 i» Stfr-?« F^^* 
at Four afd a b.iff\xit Cent, Sc. .„f, »,».■? 

Firft 130 : 1,045 : : I : 104,5 the Amount of i/. at 4,'- 
.percent. 
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Next 1,06— 1,045=0,15 rrx. Confequently R — ^^^=1,045 as 
in Cafe 2. 

Then R"* — yR^x -f- 21 r'atat— 155 r^atxat &c, = the Amount 
of I /. for -7 Years,-^ at 4; ;^^r Ci>^?f. 

Here x === ,015 . Af^ = ,000225 . avd xxx zn 000003:575 

By the Table R'' = -{- 1,50:5630 

C — 7/^** = — 0,148944 

And < 4- 2iR«*'Af = + 0,006323 

t — 35 R^^^AT = 0,000 141 

ft.'' — JK^ic -4- 2lR'xAr — 35R-»x;fAr = 1,360868 
Then i ,360868X365 =496,71682 = A. 
That is, 496/. 145. 3|<j/. is the Anfwer required. * 

If the ReafoTt of thefe two Oferations be but well tinderftood, 
it will be very ca(y to Conceive how to find P, the Princifdy 
by having A^ f, and a: given (becaufe r and its Powers are 

always given by the Table.) 

f^^^ ^^ i. '^' -^ + gR^^^i mR^xxx X /^=/^ C^is above.) 

Therefore 1 ^ — ^ . ^ — r- =P 

Or if Ay P^ and f, be given, x may be found. . 

For K'^^tB!Qx'\-gK.^xx'^R^xxx^=z^ This /Equation h^ 

*^^% Solved^ (as in C^b^/^. 10) the Value of x mill be found; 
adn then either k^ x^ Or r — ;(? will (hew the R^f^* cf Inte-^ 
reft. See. 

But I Ihall leave the Numerical Operations to the Learner % 
Prafticc, fuppoiing enough done to mew how long all Queftions 
of this kind that are limited by whole Years may be Computed. 

And if the Time given or fought be not Terminated by whole 
Ye or 5^ hxxthy WeekSy Months^ Quarters^ ot Half -Yean, Sec. fqr 
RefohinghchCiueJiionSy the beft way will be to Reduce thofe 
Parts of^a Year into Days ; that done, find an . Anfwer accordf 
ing to the Demand of the Quejiion (and agreeing to, 1 L as be- 
fore) for that Number of Dap ; and \\\ order to that, it will 
te requilite to find the Amount of i/. for one Day (as in my 
(Compendium of Algehra^ Page no) which 1 fftall here infert. 

Put a = the Amount fought, then it will be 

I • a : I a : a : : a a : a a a : : a a a : a a a a ^to a^^i* 



j6o 



algebra* 



Partll. 



J 



jis one 'Pound is to its Amount for one Day : : So 
That is J^^^^^^ Amount : To the Amount of Tmo Days : : And 

"o on in ^ to 365 Days. 

Then the laft of the Terms will be a^^^ zi 1,06 



n 



Put 

2, in Num.; 
4 -^ 66430 

5^ 



r -f- ^ = ^- And let r z=: i 

rjtfs ^- i65r^^V4-6643Cr3<^3e^r=«'^^ — ^1,06 

I 4. 565^ -h 66'4304^4' == 1,06 

365^ -f 66430^^? r= 0,06 

,00549^ '\- eez=L 0,0000009032 = Z> 

D 
^ — ,00549-^^ 



Oferatio^ ,00549). 0,0009009032 (,000l6 = ^ 
+ g =,ooo?6) 55 

l.Divifor ,0055 3532 FiFftf=i 

2. Z)/V//bV ,0056V 3^20 -{-e -=: OfiOOlS 

r-f ^=1,0001 6 
New r-|-i,oooi6 for a S^foW Operation. Then 
2, ii) Num. 7 1,06013401407 -h 586,887^ -1-70402,172^^ 
trr 1,66 Hence it appears that r — ^ =4 
Therefore 8 1,06013401407 — 386,887 e +70402,172^^ 
— 1,06 ^ • 

9 386,887 ^ — 70402, 172 ee := 0,00013401407 



8 + 
10 -r 



10- ,00549«}3 — ee =r, OOOOOOPOI9035503 

''* -^ ,0054953 — ^ 



Operation ,0054953)' ,0000000019035505 (,000000=/ 

(,0000000464 



■— ^ ^ ==: ,0000003 



164580 



Dlvijor ,0054950 

Laftr = 1,00016 

— ^ r= 0,0000003464 

r — ^:=4= 1,0001596536 



255050 

219800 

352503 

329700 

228030 
219800 



Which being further pur&ed to a. Third Operation y it wiD 
^ « = 1^00159653587453 '^c. 

' This 
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This, Value of a is the Amount of i /. for one Day, from 
which, if 1/. htSulJiraSitfdj tYit Piemainder = ,000159653587 
&c. will be the Intereji of i /. for one Day. Confequently, if any 
propofed Principal be Multiplied into cither of thefe, the re- 
fpe^iVe ProduSi will be the Amount or Intereji of that Principal 
for one Day, at 6 per Cent. &c. 

And that the Amgunt (or Intereji) of any Principal or Sum 
may be eafily computed for. any Number of Days Lefs than a 
Year ; I have here inferted the following Tahle^ which with a 
great deal of Care (and, I believe ExaSlnefs) is Calculated from 
the Laft found (1,000159653587453) Amount of i/. for one 
Day. To which aifo is Annexed a Table of the Amounts of 
1 /. for Months* 



1 

1 

2 

5 
4 

5 

6 

7 
8 

9 

10 

II 
12 
«3 
14 
15 

16 

17 
18 

«9 

20 

^l 
22 

*3 

24 

25 


Amoumsofi/. 
&c. 


a 

in 

26 

27 

28 

29 
JO 

' 31 

3^ 
33 
34 
35 

36 
37 
38 
39 
40 

41 
4a 
43 
44 
45 

46 
47 
48 
49 
50 


Amountsofi/. 
&c- 


s 

M 

52 

53 
^4 

76 

\l 

59 
60 

Ti 
62 
63 

64 

66 

67 

68 

69 

_70 

71 
7^ 
73 
74 
-.75 


Amountsot i/. 
&c. 


1,0001596536 
1^03193326 
1,0004790372 
1,0006387673 
1,0007985219 

1,0009583039 
1,0011181105 
1,0012779426 
1,0014378002 
1,0015976834 


1,0041592879 
10043196055 
1,0044799487 
1,0046405175 
1,00^8007120 


1,0081749166 
1,0083358753 
1.0084968597 4 
1,0086571^699 
1,0088189057 


1,0049^113^0 
1,0051215776 
10052820488 

i.oo5442<457 
1,0056030682 


1,0089799675 
1.0091410545 
1,00930-1675 
1.0094633062 
1,0096244707 


1,0017575920 
1,0019175262 

1,0020774^59 
1,0022374712 
1,0023974820 


1,0057636164 
1,0059241901 
1,0060847895 
1,0062454 U<5 
1,0064060653 


1,0097856608 
1,0099468767 
1.0101081184 

1,010269315'^ 
1 0104306789 


1,0025575184 
1,0027175803 

l,6o2877<^677 
1,0030377808 

1,0031979193 


1,0065667416 
1,0067274436 
1,0078881712 
1,0070489245 
1,0072097035 

1,0073705081 
1,0075313385 
1,0076911945 
1,0078530762 

1,0080139835 


1,0105919978^ 
1,0107533424 
1,0109147128 
1,0110761090 
1,0112375309 


1,0033580850 
1,0035182732 
1,0036784885 
1,0038387294 
1.0039989958 


1,0113989786 
1,0115604521 
1,0117219513 
i,<iii88547'^4 
1.0120450272c; 



Days 
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"76 
77 
78 
79 

8i 

82 

!* 

86 

87 
88 

89 

JO 

91 

9» 
93 

94 

9<5 
97 
98 

99 
100 

IDs 
103 
104 

2!1 
106 
107 
108 

Io9 

no 
III 

112 
"5 



Amouiicsot i/. 



,01 110660 $8 
,011^6^2062 
,0115198544 
,0115914885 
,0128531683 



¥ 



aigcb?a> 



,0130148739 

,01317660^4 

,0133383627 
0135001458 
,0136619547 



01389^789^ 
.0139856501 

•014^753^5 
0143094488 
,0144713869 



,3146333511 

'<>M79534o8 

»0U9573S<55 
0151193981 
,01^2814655 



.01544.35589 
,oi5<5o5678i 
5OI57678131 

)0 1 592^ 994* 
>oi6o9ii9lo 



0162)44133 
^0164166614 
.oi6578937«v 
>oi674l2375 
>Oi69035638 

,0170659161 
,0171181944 
,0173906985 
,017^513286 
,0177155846 



,0178780665 
,0180405744 
»oi8203io8j 
,0183656680 
,018528157^ 



16 
17 

18 

19 

10 

31 
22 

^^ 
li 

i6 

^7 

28 

^9 
If 

31 
3« 
B3 

34 
M 

3^ 
57 

38 

^9 

40 

41 
42 

43 

44 
45 

4^ 
47 
48 
49 
50 

St 

52 
53 

14 

21 



Amountsot i/. 
&c. , 

,0186908655 
,0188535031 
,0190161667 
.0191/8856$ 
0193415719 



,9195043134 
,0196670809 
,0198298745 
,0199926934 
,oioi5553«9 



50:03184110 
.,0204813084 
,0206442319 
,o20.So7i^i4 
,0109701569 

,0211351585 
,0211961 61 

,02i45923S>7 
,0216225193 

,0217854250 

,0219485567 
,0.221117144 
,0222748982 
.0224381081 
,0126013440 



,0227646060 
,0229278940 
02309* 208 I 
1023254U83 
»0234I79«46 



,0235813069 

>0237447i5B 
,o^3908l699 

,02407 1 64©5 

>024255«372 



,0243986600 
,0245622089 
,0247157830 
,0248893851 
,01505301^4 




156 
157 
158 

159 

160 

161 
162 
163 

164 

166 
167 
i6H 
169 
170 

171 

172 
173 
174 
175 

176 

i77 

178 
179 
180 

Ti 

182 
183 

1^4 
185 



186 

187 

188 

169 

190 

191 
192 

199 
194 
195 



i»o25 3803453 
1,0255440509 
1,0157077827 
1.0258715406 



» 02^0353247 
I 0261591349 

1,0163629713 
1 016526833^ 
I 0266907225 

1,0268546374 
1,0170185784 
I 0271825456 
1.02734653^^9 
1.0275 1C5585 

1.0276745046 

1,027.8386764 
1,02^0017746 
1,0281668989 
1,0283310494 



1,028495^^62 
1,0286594291 
1,0188236583 
1,0289879137 
1,0291521953 



i,oi93i6s23i 
1,0294908371 

1,029645 1975 
1,0298095841 
1,0199739969 



I 03013^4359 
1,0^3029012 
I 030467392ft 
1,0306319206 
1,0307964557 



1,0309610251 
1,0311256216 

1,0312902445 
I103 14548937 
1^0316195692 



Days 
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196 

197 

19S 
199 

200 

201 
202 
203 
204 
205 

ao6 
107 
aog 
109 
*io 

211 

tI2 

**3 
114 

*i5 
216 

219 
220 

231 
i»a 

22J 

"4 
225 

226 
.ii7 
^28 
229 
130 

ajt 

»J» 
233 

»H 


Amountsot 1/. 
Sec. 




J57 

239 

24P 

241 
242 

24J 

244 
245 

246 
247 

t48 

249 
250 

2^1 
2S3 
253 

»54 

'256 

«'? 

259 
260 

267 
262 

263 
264 

!ff 
266 
^7 
268 
269 

tz? 

274 
272 

273 
274 

275 • 


Amouncsot i/. 

&C. 


1 

176 

277 
278 
279 
280 

287 
*8i 
283 
284 

± 

286 
287 

288 

289 
290 

291 

292 
293 
294 
295 

296 
.297 
293 

299 
300 

301 

302 
303 
304 
3^ 

306 

308 
309 
310 

311 
312 

3r3 

3'4 
...UL 


Amountsof i/. 
Sec. 


1,0317842709 
1.03 19489990 
1,0321137534 
1,03227853^1 
1,03^4433410. 


1,0^83959484 
^0385597318 
15038725^15 
"^388913778 

i>039o572405 


,1,0450459680 
130452128133 

1,0453796853 
1,0455446584 
I10457135092 


I 052.6081742 

'0327730339 
I 032,9379198 

1,0331028321 
1,0332677706 


1,0392231298 
1,0393890454 
•0395549^76 
1.0397209563 
1,0398869515 


1*04588046 II 

1,0460474397 
1,0462144449 
1,0463814768 

1,0465484353 


1,0^34327355 
150335977268 

i>03 376 272^44 
^,0339277^3 
1,0340928586 


1,0400529732 

I>0402I902^ 
I/54O385O961 

1,0405511973 
1,0407173250 


I3O467156206 
1,0468827315 
1,0470498711 
1.0472170363 
1,047384**83 

1,0475514469 
1,0477186923 
i»o4788$9643 
i>048o53263i 
1,0482205885 


if*^34'S79552 
»»o344^30782 
.1,0345882275 
^0347534033 
I>oj49i86o54 

1,0550838 J }8 
1^0352490887 

I »o 3 54143699 
l>OiS5796775 
«>o357450ii5 


1,0408834793 
1,0410496601 
1,0412158674 
1,0413821012 
1,04x5483616 


I >0417 146485 
1,0418809620 
1,0420473021 
1,0422136687 
1,0423800618 


1,0483879407. 
^04855 53 196 

1,0487127252 
1,0488901576 
1,0490576166 


1,0359103719 

1,0360757587 
I,036i4ii7i9 
1,0364066116 
1,0365710776 

»,03^737570i 
1,0369030889 
1,0370686342 
1,0372343059 
i»o373998o4i 


I,04i54648i5 

1,04271*9278 
1,0428794007 
I5O430459001 
1,0432124261 


I>0492251025 

1,0493926150 

1,0495601543 
1,0497*77204 

1,0498953131 


1,0433789787 

l>0435455^79 
1,0437121637 

1,0438787961 

1,0440454551 


1,0500629327 
1,0502305790 
1,0503082521 
1,0505659519 
1 30507336786 


»»OJ7s^542S7 
I>03773i0798 
1,0378967573 
10380^24612 
1.0^822419-16 


1,0442121407 
1,0443788529 
I5O445455918 
I5O447123572 
1^044879149? 


i*P5090i4320 
l>o5 10692x21 
i,o5i2|roi9i 
1,0514048529 
1,0515727134 



Pllf 



264. 



^igtbua* 



PartU; 



I 

316 
318 

320 

321 

3££ 

323 
324 
325 

325 

327 
328 
329 
330 

331 
332 

33) 

334 
335 

336 
33« 



Acnouiicsofi/* 
&c. 



1,051740600s 
l,o5i9oS9i50 
tps 107645 59 

1,0522444*37 
1.05241 14183 



i,oji58o4J97 
1,0527484880 
1,0529165631 
i,053o846"650 
i>o5j25i7937 



1.0534*09493 
1,05358913^7 
l»o5375734>o 
1.053925577* 
1,054093^ 40; 

1,0541621300 
1, 05443044^^7 
l>0545987903 
1,0547671608 

1^05493555^3 

1,0551039824 

1*055272433^ 
1,0554409116 



1 
339 
HO 

34» 

J42 

343 
344 

345 

346 

447 

54« 
349 
350 

351 
352 
353 
354 

356 

356 
358 

360 
3^1 



Amountsof i/. 
&c. 



1,0556094165 
1^0557779484 

1,05594^5071 
1,0561150927 
lo 562837053 
1,05645*3448 
1,0566210112 
■ I I ■ ■ ■ I ■ 

1,0567897045 
1)0569584248 
>'057ii7i720 

1,0572959594 
1,0574647472 



^057<33575^ 
1,0578024303 

i>05797i3»ai 

I>0^8l4022ll 

1,0583091570 



1,0584781199 
1,058647.097 

1,0588161165 

1,0589851703 

1,059154^11 

10^93233389 



I 

j6i 
361 
364 
565 



2 

o 

OB 

I 

z 

3 
4 
5 



7 
8 

9 

10 



II 



AoiouiitsotfiL 



i»o 5 949^^31^ 
1,0596616154 

l»0s983O794i 
i»o6 



The Amounts 

Cent* 

For Months. 

1,0048675505 
l>oo$7587942 
1,01467384^2 
1,0196128124 
1^245758394 

1,0295630141 
i>0345 744641 
1,0396103076 
1,044^706634 
1,0497 556507 

^,0548(553894 
1,06 



The ufc of this Table is in all refpefts like that of whole 
Years, in finding the Amount of any given Sum for any propofed 
pjumbcr of Days Lels than a Year. 

]ExaaipIe I. SuPfofe it were required to find tbe Amounts 
0/ 375 /. for 210 Days at 6 per Cent. 

The 4mqunt(X 1/. for 210 Days is 1,0340928 &c. per Table. 
Then 1,0340928 X 375 = 387,7848 iSc. =387/* 15 j. %\d. 
ivhich is the Amount required* 

^nd the reft of the Variation^ may be perform'cl juA as in 
fbc Ptxc^rnfles of whole Years. 

3ut if the Time given confifts of Yearsj and Parts of a Year ; 
US l^uartersj Months, &c. Then Reduce the Odd Ttme or 
Parts ot the Yesur iiito Days ; And the Anfwer may then be 
ffMli at JviO pferations 5 As in the following Examfle* 

Examr 



Chip. 12. ofCompountilntereS, &c. 265 

Exami^ '2. Suppofe it were refUired if find what 265 7, v^uld 
Amount to in five Years and 135 Days at 6 per Cent. @c. 

Then 1,338225 X 1,021785 X 265/. = 362,355232 8^. 
being the Amount or Anfwer required 

Or, i^ the Amount zndi'Time are given, To find the Primi'^ 
fal; *tb€n Multiply t[iR AmoUf^ioE iL for the Yearsy and the 
Amount of i /. for me odd Days' together ;' And by thtitProduSt 
Divide the given Amount, the Quotient will be the Principal xc^ 
quired. , ^ . » - . . 

Example 3. ^i&^f Principal will Raife a Stock of 362 /. 7 J. I \d. 
' Q^ 362,355232 /. j« 5 Years and 135 D^ji, «t:6 pet Cent. 8^, 

The Amount of i for 4^ '.^T?"'' •' ''"^'«^ S" ' 

1 135 Days \% Ij02i785 t*. 

; Then 1,338225 X 1,^217.85 = i>367?78:*c. ,the^ I^hijor. 
Next 1,367378) •362,355232=-^ (265/. the Principe x^ 
quired " "^ 

Again, if the Principal and its Amount are given. To find tji^ 
77^, at 6 fer Cent, icz. yoU muft divide the Amount Vf its 
Principal y and then pfccefed ai in the Third Examphy Page 256, 
for the Anfwer required. " \ 

But if the Amount and its Principal^ with the T/w^ of its 
being an Interefi 2.xe givenj To find the Rate of Jnterefi ; Then 
proeecdasin the Fourth «?«tfj?/o?^, f ^^^ 255 &c. 

Now. in order to make this Table ot Amounts for Days, ufcful 
for all Rates of Inter eft (as before in that for Years) you muft 
firft find the Simple Inter eft of 1 /, for oftc Day, both at the given 
K^te^ and alfo at 6 per Cent- And fcall their Diflferencc x. 

Thus, (uppofe the %vrt\\ Ratio v/ctcS, per Cent, per Annum, 
Firft 130' : 8 : : I : 0,08 And lOO : 6 : : i : 0,06 the Two 
Siiuple Interefts for one Yeat. . ' ! 

Then 365} 0,08 (,00021^17 &c. the Simple latere ft of iL 
for one Day at 8 per Cent. 

And 365) 0,06 (0,00016438 Qc. tht Simple In%ereft of i/. 
for one Day at 6 per Cent. 

Their difference 0,00005479 ^r x which may do indifferently 
well for prdinary fmall Q«^y?/(?;/5 ; But where ExadJiefs is required, 
« will be convenient X.<:^ make Ufe of this Proportion. 

M m ViTU f 
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1^6 [ aigel??ll- ParTE 

i " ■ ' ' ' , 

r As the Simple Imereft of i h for one Day at 6 fer CpAi 

^. J Is to the Tabolai Intercft of i /. foe one Day :: So is the 

• TSimpkliitcreft of \U for pne Day, at any given Rate: 

't To a Fourth Number. 

Tt^tis, 0,000x64^ r 0,0001596^:: 0,00021917 •PpOOp2 1286 
Then 0,00021286— 0,OOOI.5^65zi:Opo6o')52l=r^. 

T)iisi ^ being Involve^ with the refpe^vc Amounts. fo]r Dsqfs, ia 
thc/ame Manner as. was 3one with thofe for Years (vide Page 258) 
ttw; JS.tfQlc.will b{5 the ^/w^r to th^e ^«^)?iW. 

Seft. 2. ^nuifies or ^enfion0 in Amor ; Cmpmi^d d 
Coffipound Interefi. 

-When AnnuiiieSy .&c. are faid to be m Arreary S^ Page 248. 
And I (hall here make ufe of the lame Listters to reprelent the 
fame thing as before in that P^g^y fave only that H^is here equal 
the Amount of 1 7/ as in SeElim 1. of this Chapter. 

Suppofi i as: the ¥vA Years Rent of any Annuity widiort 
Ihiereji. - .. ^ * - ; 

•^«.,..,;n p«\.»^S^^^^^^^ <>f th& TnA Year's Kenij and 
DieowinyE«+«-=^j^^^^^^^^. lA^,^^^^YearsRent. 

■ \ r.the Amoufft. of the ift and 2d Years 

And RRu-^-Ru^u—^RentSj with ih^ix Interefts :, Morctb? 

^' t<id Year's Rent, Sf:c, 

HSrc lll{«+i?af+«^>4 the Amount of 2^ny l^/ir/jr iC^^rf or 

Anfmitjy being forborn TAr^^ K'^ir*. And from hence may be 

tiedoced thefe jpra^orf ia«^ 

Viz. ^rRuz : Rtt i RRu : : RRu : R,RRu andfo on in it for 
any Jbhimher oi Terms or Years Denoted by f , wherein the Laft 
Term will always be u^ — * 

Confcquently A — uB^ — » rr: the Sam of all the Antecedents 
And A^u^==: the Sum of sdl the Confequents in the Series. 
And therefore it would be « : u^ : : A^-^uR^^^^ : A-^u Vide 
Page 188. 

JErgo Au^uuzizRuA — uul(^ which being Divided all by », 
will become A u - rA —ur^. 

From this Laft JEquation it will be ealy to Raife the following 
Theorems* 

Theorem i. f^^^ = A Theorem 2. 4^4p4 = «• 

Theorem 



Chap. II. Of compottnu SBnttreft, &c. 267 

Theorem %. \ ^^ ^"^ -^si^t. If this JEquathn bccoiitiftu- 

ally Divided by j^, until nothing remainj the Number of thofe 
Divijions will be f. 5^^ /^^i<? 255. 

4. Again ^k_a<=^^^^~ If this JEquation be R^^ed 

into Numhersj according to the Method propdfcd in Se€l^ ^i 
Cbaf. ip. the K(M will Ihew the Value of it. 

. SUltfttOlt 1. If ?o/, YearURent^ or Annuity, 8cC. iefor-^ 
iork(yiz*renudnunpiid) Nine Years ^ vfbat tl^Usit amouHiUff 
Hi 6 per Cent, per Annum Confound Interefi r 
n^re is given a^r^o t ss 9 And R =£ 1,06 To find A. Per' 
Tbeotfem i* 

A9:=:i,68p47P By the Table of Amounts for Vears 
30=» 

ir^=3C5o,684370 
— »=32f 

A — I r: 0,06) 20,684370 (344)73J>'> = 344^- i4*- 9\i. — A 
the Amount required. 

€ltt(fti(m 3. ^Airt Rijr/j ji^;5rf or Ammiif^ &a */?/;7^ /or- 
>«r» or unpaid Nine Yearsj will raife a Stock of 344 /. 14 i, ^id. 
=544,7395 cit 6 per Cen5. 0r. 
Here IS given -^ :=:344,73?5 * := ?• And R z=z i,o6 To find u. • 

^it = ?44,73P5Xi,o6 =: 36542387 
>>^= 344>73P5 
a« — 1 = 1,68947^-- 1=50,689479) 20,68437 (36= ai 

€lndllon 3, /« tD&tf 7?i»^ m// y^l.Yearly Re?rt>, raife a 
Stock or ii^unt to 344/. 14 j. p^d. allowing 6 per Cent./or tlfe 
Forbearance of Payments P 

Here is given « = 30 -4 = 345>735^5 And ii =a ip6 To 
find f. Per Theorem 3. 

Firft ^R +11 _ w - 365,42387+30 -344,7395=5Q>68437 
And uaz^o) 50,68437 (1,689479 = Rf. Then 
A -ip6 1,689479 (1)59384.8 And ip6) 1,593848(1,56365 
and io on until it become t,o6} i^o^i (i, wlucb wiU be at t;faA 
ifintUfpiviJioni ^T^otti::^^ 

Mm 9 Ot 



n 

^68 algebra. ' Partly 

Or Rt-::^ 1,689479 being fought in the Table oF jimmnti fix 
Years J will be found to Ibmd ovci-againft 9 Yearsy which is the 
Time required. 

2lneffion 4. ^ ^oL per Annam, heing unpaid Nine Yeati, 
will Amount to 5447. 14 j. 71.^. all&wivg Comfound Interejt 
for every Payment as it becomes Due^ What muft the ^e oflfh 
tereft be per Cent. g^. rr, i- 1 

Here is given « == 30 il = 344»73P5 And f = 9 To find r 

by the Laft of the Four Equations^ Viz. ^"j^ ^ ^— ^^ ^= — JT" 

Firft I = 1112^11 = IM91317 And :i^^ = 10^91317 

Hence there is this Equation 11^91317 R _ r* = 10^491317 
' - r-^-e = R And fuppofe r = i 
y.f J^, pfffe 4. 36r'' ^^ = i?» 

Xi>49i3i7^ = ii»4Pi3J7^ = II»4PI3^7^ 
1,000000^ + 9,000000^ + ii6ee^=^jR9 

10,^91317— 2491317*^ — ?6^^= ^^A9}V1 
l6ee:=i 2,491317^ 
*• = 0,06 &c. 



Let 

l©-9 
I, in Numb, 
2, in Numb. 

■5* 



5-^ 36^ 7 e z=L 0,06 &c. 
_. ^ _. 1 C ^^ may be eaply Tryd by Invd- 

^ ZinA >=tfi6:=:R<vingit, and Ordering it ^ astbe 
^e^ 0,00 3 ^ JEquation above diretts. 

SeSiio^ 3. To find the ^itfttit mm^ of Annuities^ Peih 
ficns. Or JUaJes, &c. at Contpound Interefl. 

* Let P ss the frefent Worth of any Annuity^ or Leafe^ fe. 
and the reft of the Letters as before. ♦ 

Then, from what has been faid in SeSlion 3. Chaf. 11. aboat 

PurchafiTTg of Annuities ^ &c. at Simple /«f^r^y?, it will b«?cafy 

to form the like Theorems here at Compound InXereft^ viz, by 

Coipbining Theorem i. P^ge 269. ana Theorem i. Page 254 

•into one Theorem* 

^ ,. o J, C The Amount of any Yearly Rent being «»- 

For < ^%— — A< paid any Number of Years. Per Theorem 
^ ^^^ Li. of the Laft Seaion. 

r The Amount of any Principal or Sum being pui 
hsAPR:=zA\to Interefi^ for she fame Number of Years* 
I^Per Theorem i. Page 254* 

Hcflcc 



Chap, 1 1> Of compoann Intereft, &c> 269 

Hence it foUows, That PRt s 2|L-? 

Viz. J^Ry-^- 1 — PRt:=zuRt^u being the very lame M^uation 
with that in my Compendium of Algetra^ Page 112. whidi is tterc 
Railed from the Coniideradon of Purchafing Annuliiesy or Takings 
of ILeafeSy &c. to be grounded*upon a Rank or ^mt^i of Geometric 

cdl Profmlonals Continually Decreafing. Thus-jp is the Firft 

and Greateft Terms ; R the Common B/2f/o of all the Terms i 
And F is the.S!tf/» of all the Series. 

xnatis, ^:^:;^^:^^::^^:^::^^::y^ esc. in «=f 

until the Laft r<?n» =:^^ Then will P-- j- be the 5»/» of all 

the Antecedents And Z' *-^ - will be the Sum of all the Conje^ 

^ents. Therefore it will be 

;|:^. Or (in the fime Ratio) «: | : :P— |j • ^ - -J 

which produces Pfit-}.«_-«Rt==/»Jle—«. As above. 
From this Mquation may be Deduced tbe following Theorems. 



Theorem x.^ ^t^^ r*..rm2.^^5LJiALzi^' = « 

Theorem 3. ^y_-^ -^t ^ ^^^ ^^ R/'rviUgive i. 
Theorem 4. -{y =s^ ^t -h if' — ^t + '. The Refolving of 
tiiis M^ttHott will difcorec the Value oiR. 

Queftion i. /^i&^f is 30/. Yearly Rent ^ to Continue Seven 
Te/irsj nvortb in ready Money ^ allowing 6 per Cent. Compound 
Jnterejl to the Purchaser ? 

Here is given « =r 36 . f rs 7 . -^^^^ = i,od To fiiid P* 
Per Theorepi i. Kir. ^ = n^^ = IP,95I7* 

And 30^ J?)P5I7 = 104183 ^^«--3p- 



»7o Slgelmi* Panu. 

■• ■ ■■■■ — - -. "^ - 

iThcn 1?— I -0,06) 10,0485 ii67f^ji6zsPz=zx67L 9S. <^i. 
being the Anfwer required 

^utJUdft 2. tf^baf Aipmitj or Y^ early Rentj io Contvme Sewm 
lfi4itSy mayhepurcbafeiforiSyh pi. ^d. aUowu/g 6 pet Cm. 
Cmpmnd Intereft to ibe Purcbafir ^ 

in this (luefihn there is given P = 1^,4716 . f = jr 
Jihd R :== 1,06 To find « . B7 the Second Tbeerem. 
lift PR^ X ^ = 25i,Ri$3 X 1,06 = 266,9242 
And — PR^ = 1674716x1,50363) =5 251,8153 

Then Rtm^iz::z 6,5036:?) 15,1089 (30 = » 
That is St = 30/* Ihe Afifa^r requind. 

SiM^Jti§^ 3. FJev) loffg may One have a Ltafe of 30 /. Tearly 
Jt^ij for 167/. 9S.%d. dlowifi^ 6 per Cent. Comfound Inter eft 
to ibe BMrcbafer ^ 

^trc is f^iven P =« 167^4716 . » = 30 • ^^ R = 1,06 To 
fi.df* By die Third /Aform. 
Fiift i4-»j= X67,47i6+30=IP747X6 
And~/'4z::l77,5iP9 

Then 19,9515) 30 =■« (1,50363 = ift 
BT Ais i>S0563 =: ^t be either ContiniMjlly. Bhided by 
t^o6!=:i? until nothing. R^«wia (As before in Page 255.> Ot 
if' it be £>ught in the Tfil^le of Amounu for Yearsy &c. ic will 
dtiicover 1 = 7 which is the true Anfwer requited* 

dBtefiion 4^ Sapfofe One fhoutd give 1 67 /. 91. 5 rf. yjir fi&^ 
fioreMfe of a P^njion, or Annuity <>)r 30/. per Anniun, to Con*^ 
ti^me Stven Years ; At what Hate of Interefi^ per Cent, would 
tbnt PuPrbafe h mode^ allovoivg Compound InUrefita the Pur^ 
t/jbafer/- 

li this Queflhn there is given, Pj=Lj6jy\7i6 . » = 30 And 1=57 
To fiiid R. Per Tb^^rew 4. 

The 4th Theory in thii , Mquation •{ ^ = p ^' + ^^— ^4"* 

Which being brought into A aiwi'/'rj, and its Root ExtraQedj as 
ia the fouirh Qut^J^ion of the Lafi Sedlhn j the Value of R will be 
found 1,06 riz. R :==. 1,0^ 
Aiid clKn it will be, 1 ; 0,06 ;: |oo ; 6 th^ R^f^^perCent^ 

jtt wastc'.iijiced> * - 

' Thd^ 



^^.ix. ofComffg«iii> jintereft, &c> gyi 

• Thefe Four duefii^ns include all the VarieUes that can be jpt»* 
Bofed ^lOQt Piirchaling AnnuiUe^ or Uafesj Bcc which sn i^ 
he either injiniediat^y Enterxi upon, or ia Pofleflion at the jR»w 
Whfxi <he Purcbafr is made. 

But fuch Queftions as relate to AnTmities^ t)r a Taking ot 
Zeafesy Ac. in Reverftonj . mall be Parted or Divided into 2tap 
DifiinBi Q^eftionsj each to be fcparatcly Confider'd by ^t ftf 
("5^^ P^f 252.) 1^ in the following Example. 

Examide 1. Suppofe H were required to Compute the prefent 
tfTfrtbofyyl Yearly Jteftt, which i s Hot ioC^mmev^eerieffn^ 
ter^diipofty Ufrtil Ten Years hence; and then to continue Severn 
Years after that Time : ^ 6 per C^nt. 8r. Compound Inter efif 

The Firft Work in this Queftiony is to find what 75 /. per >f^ 
tmmy^ to continue S^v^?y Tears, is Worth in reldy Money ; as if 
it were to be immediately entcr'd upon: Aiid to perform -dia^ 
there is given «=^ 75 R^ 1,06 And 12=7. Tofiiid/'. At 
in thd FM^ueftion pf this SeSiion. ^ 

Thti8/^«rrrrrr=4P>8795 Axid7^--49fi79i—^')iiS^ 

=._! . . ;..;: 

Thenii?-~i=©,o6) 25,1207:^=418,578}= 4x8/. 14^* ^^^ 
* die Anfwer to the Firft Part of the Qwffiion. . . , 

Th^ the next Work will be, to find what /Vfwi^^/ oar jSwfi 
being P9t put TenYearsy at 6 perCenU &c.. will >tf«ro^< cp 
418/. i:^s\ 6\d. Here is given >4 = 418,6789 R=^ip^ 
A f = 10. To find P. Per Theorem 2* Fags 254. 

/ . .,..- . .' . :., 

Thus iC*^'^i,79o847)4i8,6783=a^(233,7884=s23j;/. 15^.9* 
the prefent Worth ofj'i L per Annitm in Reverlibny^&c. As waa 
required. 

Example 2. Jflfaf j^nnuity or Yearly Rent to he S/Merei 
upon Ten Years hencey and then to continue Seven Years y maj 
le purchased for 235/ 155. 9d. Ready Money ^ at 6 per Cent. 
©f .' Compound Intereft / 

In the ift Work of this Queftion there is given, P — 2? 5,7881 
i?rri,o6. And / — 10 (tbt? Time which the Annuity is not fdf 
be Enter d upon) To find A. Per Theorem i. Page 254. I 

Thus, PR}' — 233,7884 X I1790847 as 418)6783 = y<*th^ 

Mmuui 
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JImounto? 2337. 15 J. 9d. put to Intereft Ten Yearsj at6ffr 
C^;^. &c. Then for the Second Work of the QueJiioH there 
is g?iven P = 418,6783 . R — 1,06 . And t — 7 (the Ttme 
that the Anmitj is to he enjofd) To find tt. Per Tbe^orem 2. 
of timSeSiion, 

*rbu^/yit xR = 418,6783X1,^0363X1,06 = 667,3095 
=PRt=s4i8,6783Xi-50363 = 62£V537^ 

' ' 2^t_izro,5D363) 37,772?C7$=« 

That h, ars 75 /. the F^^Zy H«5rf required by the Queftion. 

; .. . . ' 

Thefe Tii^o EKon^les of finding P and « do fully fliew the Me. 
tbod that muft be ufcd in 'Revolving the Two General^ and indeed, 
.the moft Ufcful fiK^jffio;?^ about Annuities or Leases In Revet- 
fton^: And if there be Occafion, cither the Rate^ or the 'Ttme^ 
viz. R or f, may be found by a due Application of their rclpeSive 
Theorems. . . • 

Note, That v^bicb bath leen done in the Two LaJlSeBions 
piFout Annuities or Yearly RentSy &p. at 6 ^t Cc^nt. mny alfo he 
done for any Rate of Interefty hy applying the Difference of the 
Rates (viz. x) As directed in the Firft Section of this Chapter > 

' Now. becaufethat Rents and Annuities^ &c5 are ufually paid 
either by Quarterty or h^ Half Yearly ?ayments^ and the Method of 
Computing them fythe Pen, may be thought a little Troubleforoe^ 
I have interted the following' Tables of the Amounts of i/. for 
Eidi, at 6 fer Cent. 



• \ 

2 
? 

4 
5 

6 

7 
8 

9 
10 


Annuitie& of 
1 /. at 6 pet 
Cent. Com- 
pound Intercft. 


:! 

' 11 
12 
13 
14 
15 

16 

17 

18 

^9 

20 


Annuities of 
I /. at 6 per 
Cent. Com- 
pound Intercft. 


on 

21 
22 

2? 
24 

a5 

a6 
27 
28 

«P 

3P„ 


Annuicies ot 
1/. at 6 per 
Cent. Com- 
pound Intercft. 


1,0195^50141 
1,06 

i>o6 153(57949 

1,1136 

M568170026 


113777875592- 
1,4185191122 

1,4604548127 
1,5036302590 

1,5480821017 

i>593 8480745 
1,6409670276 

1,6894789589 
1,7394250495 
1.7908476965 


1,843790552^ 
1,8982985583 

1^9544179853 
1,0121964718 
2,0716830644 


1,191016 
1,2262260228 

1,26247696 

'^^'997995842 

1,3382255776 


1,1329282601 
2,1959840483 
2,2609039557 
2^32774309^2 
2,39^5581001 



Quar- 
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Quarterly Amounts. 



"-,'9 


Amouacs of i/. 


1<Q 


Amouiics of i7. 


:V9 


Amounts of i/ 


I 


at. 6 -percent' 


ill 

21 


at 6 ;>f r Cei?*. 


at 6 /rer Ctf»i. 


&c. Conapouad 
Intcrett. 


&c Compound 
Intereft. 


* 2 
II 1 

41 


&c Compound 
Inter«ft. 


1561467384^1 


1,3578024938 


1,817^263 ipp 


2 


1,019^630141 


22 1,3777875592 


42 


i>843790552? 




1,0446706634 


25 


1,5980050019 


43 


1,8708460509, 




1,06 


Z4 


1,4185191122 


44 


1,8982985583^. 


~ 


I,07$^HV<59 


25 
26 


«i439334*435 
1,4604548^27 


45 

4^ 


i>92^ 1 538989 


1,0913367949 


I>9j44i798i3f 




1,1073509032 


^7 


1,4818853020 


47 


1,9830968146 




i5iJ3^ 


s8 


1,5036301590 


48 


2,01219647)8 




,1,1400875355 


29 


1.5^6942978 


49 


2,0417231^38 


lo 


1,1568170626 


30 
9^ 


1,5480811017 


50 

51 


2,0716830641 


I>i7379i9<74 


1^570798420^3 


2,102082622s 




l,l9lo'6 


3i 


1,5938480745 


5* 


2 i3i9a826bX 




1,1084927856 


33 


i>6i7^?59557 


53 


2,16422651^1 




1>2&62260228 


34 


1,6409^70276 


J4 


2,1959840483. 


i6 


1,2442194748 


_!1 
36 


1,66504^325? 


T5 
56 


2,1182075801 


1,26247696 


1,6894789589 


1,2609039557^ 


»7 


1,28100135*7 


37 


t,7 14^701 133 


57 


2,2940801123 


i8 


1,299799584a 


38 


1,739425049? 


58 


2>32774309^^ 


^9 


1,3188726433 


39 


1,7649491048 


59 


1,3619000349 


id 


.1,3^82255776 


40 i.79':5^8476965 1 


60 


239«5<«I91t 



Either of thcfe Tables may sdfo be made Ufeful for any pro 
pofcd f(ate oi Inter eft \ by making the i or ^ of the Lifferenct* 
of thc/f<rf^ = jv, &c. 

As for Inftance, Suppofe any of the aforefaid Queftions about 
Annuities 01 Rents^ 8cc, were to be computed at 8 ferCenp 
fer Annum. 

Then 1,08— 1,06— o,02=r;^ for YeaxUPajments\ as before; 
Confetpientlj 2) 0,02 (o,oi=Ar for Half Year s Payments. 
Or 4) 0,02 (0,005^^ for Quarterly Payments- 

Now thefe Values of at, although they are not really trnc, 
;«t.they may ferve indiflferently well for fmall/<^»/y ; as I haVp 
already faid, Page 265. But it you would JVorkexaaly ; 
Then v^ 1,08= r,03923b4J?45 &c. 

— V 1,06=1,0295680141 Vide TaUe, Pegs 272. 



Difference = 0,0096674704 = a; for ^ Yearly Pnymen^iU 



/bi 
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And ^ : V iiP8 == ifii9^^^9^ **^ , 

— -• W 1,08 = 1^14673^1 Scctbel4/f72«*i^., 

Their EKflercncc op047«>246:?i - x. for Qnanerhf P^nts. 

Thcfe at€ Che true F^/^rj of *, wWch hcinghvahed w± 
their rcfpcaivc Amounts {2shdotc (or Years^ &c.) according a 
the Qiujlion requires, the F^ult wiB be the Afifwer at 8 f ^ 
Ci?«f. &c The hkc may be done for any other Rate^ citha| 
Greater or Z>/jr than 6. . 

Now, akbo' this Method (See Page 257, an^ 2^8, &c) of 
making the TaUes diat are only Calculated for the Rate of 
6 fer Ce^. Oaieral and UftW for afl RaUs cf C^mfowi 
^Inierefty be reaDv True ; yet it was rather proposed to fhcw 
what may pofli>ly be perfonn'd If the Pen, without a great 
mmi Tables of fevaal RaleSy than intended tor common 
Pradioe* 

For it mod needs be confcfs'd, that TakUs Cafculated on 
Purpofe for any defigncd Hfie of Imereft^ arc much more 
Ready and Ufeful in common Pra6fice. And therefore &a 
the Legiilative Power, hath» thought fit to reduce the ^U 
of Intereft^ and hath fcttkd it l^ an Aa of Parliament, at 
5 per Cent. I've thercfcHe heen at the Trouble (wbicb w$ 
not a little) to calculate the foDowing Titles for that M^ ; 
but don t think it convenient to take the Tal^leSj at 6 per Cent. 
out of the Book, becaufe the Ebcamples are aO fuited to thcfflj 
and not only fo, but they may be found Ufeful in the taking »' 
Leafes for Houfes, gr. For in thofc Cafes, the Pur chafer ^^ 
allowed more Interefi foe his purchaie Money, than die cotmnofl 
Rate paid upon the Loan of Money. 
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Here follows New Tttkhs of the j4mou»ts of one Pound at the 
t^t^ of 5 per Cefrt, fer Annum Compound Intereft. For YearSj 
ilf Years ^ garter s^ Months^ and Z)/yrj. 



I. • The TaUe of the Yearly Amounts of i hScc. 






9 
II 



The Aofiounts 
of il, &c. 



t>o5 = A 
j,27628l$6 



X>34009S54 
1.40710042 
^»47745<44 

x.6»8S9469 



1,71033936 
^79585633 



tl ^ 



16 

17 
18 



19 
^o 
21 
22 

Ji 

24 

26 



The AmoDBts 
of I/. &c. 

^979931^o 
2107892^18 



2,18287459 
2,29201832 
1,40^61923 
2,52695019 
2>6$3 19770 



2,7859^2^^ 
1,94*526072 

3>o7iS2375 
j,225o9994 
3>3W31494 
3.^^^67269 



(4 



»7 
28 

29 
30 



31 
32 

33 

34 

35 



36 

37 
38 

at 



The imoan» 
ofil. &c. 

3»73 345^^3 a 
3.92oiZ9'4 
4*11613599 
4,32194219 

4>$38o3949 

4>7^494i47 
5,003188^4 

5>i55 54797 
5,51601536; 



5,79181613 
6,08140694 
6,^8547729 

6,70475 J «5 



H The r^Hif of the Bdf Yearly Amounts of 


' 1 7. &C. • 


11 ? 


The 




II ? 


The 




II ff 


The 


r^^ 


Amounts of 




r J=h 


Amounts of 




r s; 


Amounts of 


I 


tl &c. 




f 


I/. &c. 




21 


I/. &c. 


1,02469507 


i>30779943 


1,66912030 


2 


1,05 






• .34cQ95^4 




^^ 


1,7103393d 


3' 


1,0759^^83 






1,37318940 


- 


^3 


I575257632 


4 


J^Io;^5 






1,407x0042 




24 


IJ9585633 


5 

6 


1,^297*632 

KiS762i5 






144184887 
1,47745544 




25 

26 


1,84020513 


J.88564914 


7 


1^8611264 






i,5i394i32 




27 


I.9?22i539 


8 


I,ri55<i625 




18 


1,55132822 




28 


1,97993160 


9 


1.24552327 




19 


1,58963838 




29 


2,02882616 


10 


1,276^81 «>6 


20 1 1,62889463 ' ' ^o\ ^^07892^18 1 



Nq ? 



jii n« 






?7^ 



dlseb^. 



Part It 



IB 


[. The Tli^/i? of the Quarterly Amounts of 


I/, ate. 


IIP 


fhe 


11 9 '"« 1 


n/p 


Tlie 

Amounts of 

1/. &c. 




Amounts of 




AmotiDts of 


" 5 




}l &c. 


_1 


I/.&C 


41 


I 


1,01227^23 


i.»oi944J9 


i,64%88'48o 


2 


i.o24<59537 


2« 


1,30779943 


42 


1,66912031 


3 


1,03727037 


?J 


1,3*384905 


43 


1,68960414 


4 


1,05 


S4 


i,}40«9564 


44 


i,7»oj393'* 


6 


i,o6i88j85 


>5 
a6 


i,J56j4i6j 


45 

4« 


1,7313*904 


IJ07S92983 


I>373l8940 


1,75*57632 


7 


1,08913389 


a? 


1.390041$ I 


47 


1,77408435 


s 


MOM 


3S 


1.40710042 


4« 


«,79S85*3J 


9 


1,11603014 


29 


i,4243<5869 


49^ 


1,81789549 


lO 


1^12972^52 


30 
3» 


1,44184887 


50 
51 


1,84020513 


if»43T9059 


'.4S9S4358 


1,86178856 


ii 


1,157625 


32 


i>47745$44 


58 


1,88564914 


"3 


1,17183164 


33 


i.49S5!J7i« 


53 


1,90879027 


14 


1,18621264 


34 


1.5139413* 


$4 


?,93»»1539 


15 
i6 


1,20077012 


35 
36 


1,53252076 


55 
5<5 


1,95592799 


i,ii55o6i5 


i,55i3«8" 


1.979931^ 


17 


1,23042323 


37 


1,57036648 


5/! 


3,Oo42i978 


i8 


1,24552327 


38 


1,58963838 


58 


3,oi88s6i6 


19 


1,26080862 


39 


1,60914680 


59 


2,0537243a 


20 


1,27628156 


40 


1,618^9463 > 60 120789^818 I 






The Table of the Monthly Amounts of i /. &:c. 



The 

Amounts of 

I/. &c. 

1,00407412 
1,00816485 
l,OiJJ27223 
T,rl6;96;6 





r § 




5 
6 


. 


7 

8 



The 

Amounts of 

I/, &c. 

J,020J3728 

1,02469507 
1,02886981 

1,073061s 5 



IIS 



9 
11 

12 



Th^ 

Amounts of 

\l. &c. 

i>03727037 

1,04149^34 

1*04573953 
1,0 V 



iVO rj?; The Amount of one Pok^t^/ for one Jiajj is 
1,0001336807225. 8^. (found as that in /'/?j^ 260) But m the 
fcJJnwing Tabky I take only Nine of thofe Figures, as being 
fofiicient in Praflice, for Computing the Intereft of any Sum 
jfioc exceeding One Hundred MilUons of Pounds. 

V. The 













• 






• --i. 
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V, The Jhhle of the Daily limouats of i /. *c 


> 




^\ 


The 




V 


The 





The 








Amounts of 




GO 


Amounts of 


^>§ 


Amounts of 




W 

1 


lA &c. 




II 
3« 


I/. «fc. 
1,00482376 




Jl 
71 


1/. &c. 






1,00013368 


1,00953587 




2 


1,00026738 




37 


1,00495810 




7* 


1,00967082 




' 


3 


I>oo040io9 




• 3« 


1,00509245 




71 


1,00980579 






4 


1,00053483 




39 


I,oo5l268| 




74 


1,00994079 


• ' 




5 


I5OO066858 




40 


1.005 }6 1 19 




75 


1,01007579 






6 


1,0008023$ 




41 


1,00549558 




76 


1,01021083 






7 


1,00095614 




4* 


1,00563000 




^l 


1,01034587 
1,011048095 






8 


1,0610^994 


• 


*3 


1,00576443 




7^ 






9 


1,00120377 




44 


i,oo58>888 




79 


1,01061602 






10 
11 


1,00x33761 




45 

46 


1,00603355 




8|o 
Si 


1,01075112. 






1,00147147 


1,00616784 


i,oi«8862g 


' 


12 


1,00160535 




"^l 


1,00630254 




82 


1,01102137 






n 


i>oo 173924 




4« 


1,00643687 




83 


1,01115652 






14 


1,00187315 




49 


1,00657111 




84 


1,01129169 






JI5 

"16 


1,00200708 




50 


1,00670597 




85 
86 


1,0114268s 






1,0021410^ 


1,00684055 


1,01156209 




17 


1,00227500 




5« 


1,00697514 




87 


1,01169732 


' 




18 


1,00^240899 




53 


1,00710975 




88 


i>oii83256 
1,01196783 






•9 


1,00254299 




U 


1,00724438 




89 






20 
21 


1,00267701 

^,00281105 




55 
56 


i,007379Oj 
1,0075 »370 




90 
9» 


1,01210311 






1,01223841 




22 


1,00294510 




^l 


1,00764839 




9* 


i>oia37372 






^3 


1,00307918 




5« 


1,00778309 




93 


1,01250906 






14 


1,0032^327 




59 


1,00791781 




94 


1,01164441 






26 


i>o033473« 




<5o 
61 


1,00805355 




95 
96 


1,01277978 






1,00348151 


1,00818731 


i>Oi29«5i7 




57 


1,00361565 




6i 


1,00832208 




97 


1,01305058 






28 


1,00374982 




dj 


1,00845687 




98 


1,01318600 


^ 




29 


1,00388400 




<54 


1,00859168 




99 


i>oi332i45 






JO 
SI 


1,00401820 
1,004 n 242 




65 

66 


1,00874651 




100 
^01 


«>Oi34569i 






1,00886136 


l30l359aj9 
1.01372788 




32- 


1,00428665 




67 


1 ,00899623 




loa 






33 l>0044209i 




68 1,00919111 




103 


I501386340 






34 1,00455518 




69 1,00926601 




104, 


1,01399893 






_11 1,00468947 


' 70 1 1,00490093 




105 


i>oi4l3448 





Dajs 



^ I 



27« 



o 


ihe 


^•2 


Amounts of 


II 


I/. &c. 


106 


1,01427005 


>07 


i,oi4405H 


108 


1,0145412s 


1 09 


1.014676I7 


iio 


1,0148125- 


111 


I>0i4948(^ 


112 


1,0150^^86 


"3 


1,01511955 


114 


i,ois35527 


"5 
116 


i,oi5i9*c?o 


1,0,1562675 


117 


I 0157625^ 


lib 


1,0158983' 


119 


1,01603412 




1,01616994 


1,01^30578 


l?a 


1,01644164 


^M 


I 01657752 


1*4 


1^1671349 


115 

1^ 


1,01684933 


1,016985^7 


*7 


^>P|7I2|?2 


m8 


1,0*7^5719 


129 


i.01739317 


130 


1,01752918 


iji 


ipi76652[ 


112 


1^1780125 


X?? 


l>0179373» 


n4 


l50igc>755g 


155 


l«OlS20948 


u^ 


I.01834559 


137 


101848173 

1,01861788 


«l8 


1^9 


1,01875405 


140 
»4I 


l,eig89024 


1)01 902644 


142 


1,01916367 


143 


t>oi9Z989i 


U4 


1,01943517 


145 


i>oi957i45 






• TST" 



AnoounCG of 
1/ Sic. 



149 
150 



Ml 

*5a 
15? 

M4 

157 

158 

Xf9 

160 

161 
16^ 

164 
>65 

166 

167 

*68 
169 

>70 

171 
lU 
173 
174 

176 

179 

ilo 

182 
183 
184 



M! 1.01970775 

147 ; 1,01984406 

148 1,01998019 



1,02011675 
1,02025312 

i,02Q3895o 

1,02052591 
1,02066234 
1^02079878 

l;020935«4i 



1,02107172 
l.o2i2oFii 
I5O2134473 
1,02148127 
1,02161782 

ipi»75439 
1,02189098 
I,o22o27$8 
1,02216421 
i,oaz3pog5 

^,0224.3751 
1,02257419 
1,0^^71089 
I 022847^1 
l.ozi9^i34 



X 0231^109 
1,02325757 
l'02339466 
1,023.53 » 47 1 
1,0236^829 

1,02380514 
?>02S94^oo 
1,0^407858 
1,02421578 
i,02435270 



1, 0244^9^4 
1,02462059 

1,02476356 

1,02490055 
1,02^03756 



o 

186 

«<7 
18S 
189 

190 

191 
192 

193 
194 
ipl 

196 

197 
198 
199 

200 

20 1 

202 
203 
204 
205 

206 
2O7 
208 
209 

*iP 
iir 

213. 

2U 

ii5 

2[6 

217 
?i8 

219 

220 



221 
222 
223 
224 
225 ' 



— lEr-T 

Amounts o£ 
1/. &C, 

1,025 I745f I 
1,025 3 '164 

,02544870 
,02558578 
[,02$72388 

1,02586000 
1,02599714 
,02613430 
1,02627147 
1,02640866 

1,02654.588 
1,02668310 

,02682015 
1,02695762 

i. 02 709490 

1,02723221 
I5027369S3 
I)0275o686 
I»027*A42? 
.02779160 

,02791899 
1,02805640 

,028^^384 
,o?8|3i29 

,02^ 46^75 
l,0286Q$24 

..02S7A375 

1,02(88^127 

U02901881 
1,02915637 

,02^29395 

.P2p43t54 
^02956916 

:>o29 70679 

^02 9t4445 

[,02998212 
1,0301 1980 

1,030125751 
1,03039524 

;iQ3o53298 
Days 
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fl 


"■■The" ' 

Amounts of 

1/. &c. 


• 


Z3 

• "S 
fl 

i66 
267 
268 
269 
170 

271 
272 
173 
274 
«75 

176 
277 
278 
»79 
28d 

281 

283 
^4 

285 

286 
187 

288 
389 

29t 

»9t 
193 
»94 
295 

i96 

497 
29S 

299 
jbo 

^• 
302 
303 
304 

4eJ 


rue 

Amounts of 

1/. 6fc. 


. 


4 

w 

306 
308 

J09 
310 

jn 
iit 

3'3 
314 
3>5 

316 

318 

319 
320 

32I 

3** 
323 
324 
3jy 

326 

327 

t328 

329 

112 
331 
332 
333 
334 
335 

33* 
3?7 
3-j8 
33J> 

34J 
342 
343 
344 


Amounts of 

l/. &C. 


2.2.7 

l2ftCs^ 

1 »30 


1,03067074 
1,03080852 

1,630946 3 i 

1,03108414 
1,03122197 


1,03619636 

^o363J488 

I503647342 
1,03661197 

i/)3675055 


1,04175160 
1,04189686 
1,0420301? 
1,04216944 
1,042308^6 




23t 

*3» 
2^3 

*34 
*31 

Z36 

a37 
238 
439 
240 

24k 

242 
243 
244 
245 

24« 

247 

,H8 
249 
2jd 

25> 

2ja 

1J3 

»54 

!1^ 
256 

260 
S6I 

263 
,264 


i><^3*35983 
1,03149770 
1,03163559 
I>63t77350 
1,03191143 

1,03204938 
1,03218734 

I>03i32533 
1,032^6333 

1,03260155 

1,0327^939 
1,03287744 

1,03301552 

i>o?3i53<^l 
1,03329173 


1,0088914 

1.03702775 
1,03716638 
1,03730533 
I 03744370 


i,04tu8ie 
1,8425814? 
1,04271683 
1,04286612 
1104500563 




I>037j3239 
1,6^772109 

1,03785982 
^03799856 
l>o^8l3732 


1,04314506 

x,04Ji84Ji 

»>«»4342397 

'>0435634<J 
1,04370297 


■ 


1,03827609 
1,03841489 
i.03«5537l 
1,03869254 
1,03883139 


1,04384249 
>, 04398^03 

i,044»iI59 
i>o44»6iJ7 

J,0444G677 




1,03342986 
1^03356801 
IP) 370617 
1,03384436 
l>03398i57 


i>03897027 
1,03910016 
1,03924817 
1,03938699 

i,0395M94 


1.04454038 
1,0446800?" 
1,04481967 • 

'>044959i4 ; 

1,94509903 ; 

t,045i3874: 

l,04yJ7«47: 
i,0455>8?^ 

»»04565798 

»>04579777 

,i;o-4593757- 
1 i,046o'7739- 

1,0462>7)»3.: 

,1,0465^79^. 

1,046 77$7jr, 

^©4^9JUJ7» 
^,0470564? 
..1,04719^44. 




1,03412079 
1,034X5903 
x»034397^9 
i»03453557 
1,03467387 


1,03966491 

1*03980389 

i>03994^«9 

i»04oo8i9f 
1,04612095 




W3481218 
Xj03495o$2 
1^03508887 
1,03522724 
W3536'5^3 

1,03550404 
^0 J 5^4247 
1,035 ?*©9l 
lj0359«^38 
l,0^47S^ 


1,04036601 
i>04049oog 
1,04063818 
i»04o777a^ 
i^409l«.4> 




ip4to5557 
1,64119474 
1,041 35J93 
W4I473I4 
ki,6iaiu^j6. 
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Z'-i 


Amounts of 




"-i 


Amounts of 




• *? 


Amounts <^ 


II 


I/. &c. 




Jl 
353 


a &C. 




360 


i/. &c. 


1^4733^3 


1)04831708 


1,04929845 


347 


1,04747^^4 




354 


1,048457" 




36X 


1*04943872 


54« 


1,04761666 




355 


1504859738 




j6r 


i>O495790i 


349 


1,04775671 




356 


1,04875756 




363 


1,0497193^ 


350 


1,04789677 




357 


1,04887775 




364 


1,0498596^ 


351 


i,o^^oi6S6 




J5« 


i>0490»797 


I565 


i>04999999 


5^2 ' 1.048176Q6 




J22. 


i><549i^820 


h66ii,05 
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I think it nccdlefs to &y any Thing of the Ufe of thcfc Tailesi 
fcccaufc I tajcc it for granted, rfiat whoever undcrflands the Work 
of die foregoing Examples, at 6 fer Cent. Cannot but know 
how to make ufe of thefe V^les at 5 fer Cent, as Occafioo 
requires. 

Thus far concerning fuch Aftnuiites, or Leases, &c. that are Z> 
pitted }:>y any Afligned Time ; and 'tis only fuch that can be compu- 
ted by Theorems or certain Rules. However it may not perhaps be 
JJnacceptahle, to infert a brief Acccmnt of fome Eftimates that 
have been Reafonably made, by Tooo very ingenious PerfonSy a- 
]bout the Proportion, or Difference of Mens Lives j according to 
their feveral Ages ; which may be of good Ufe in computing the 
ydues of Annuities^ or taking of Leafes for Lives, &c. 

Sir Williim Petty in his Difcourfe made before die Rojd Society 

CAnno 1674) concerning the Ufe of Puplfcate |^|opo^riim, in the 
ife tit Man and its Duration ; faith, That its found by Exferi*' 
ence there are more Perfc^is Living of between 1 6 and 26 Years Old, 
than of any other Age or Decade of Years in the whole \Jdt of 
Man (viz. 70 or 80 Years.) Bis Reafonfor that Afferiion Ijhd 
prnit ; but fuppofing it true, he thence infers, That the Roots of 
^very Number of Miens Ages under 16 (whofc Root is 4) compa- 
red with the faid Number 4, doth fhewthe Proportion ^i the 
iikdyhood of fuch Men s reaching the Age of 70 Years. 

As ^oij^amfle, *Tis 4 Times more likely, that One of .16 
Years 014 ihomd live to 70, dian a New-fiorn Ba)fe : 'Tis 5 
Ti^^^ more likely, that One of 9 Years Qld fhould attain the 
Age of 70, than the laid Infant ^ 8cc 

:On the other Hand. 'Tis S to 4, that One of 25 Years 014 
.w^iPiefcefqreOne of 16: And 6 .to 5, that Onie of :{6 wilJ 
Pjie h^ojfi ,Oae of 2$. And fo on according to the Roots dE 
,»hy (ydx^ 4ecdining Age, compared widi (4,6) the Root o£ 21, 
j^pb ij tly Year 01 Perfection SLCCOxAin/g to the Senfe of our 



jUw^ iSLii^ .the AS^fojc whofe Life ^Leafe is tdoR Valuable. 
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2. fTZ^^ Ingenious And Great Mathematician^ Dodor Edmund 
JUalley (Jn> ^hififiPh TranfaS. Numb. 196) doth with gm^tln'. 
sdudry and Skilly draw ^n Efiimate of the Vroponim of^ens 
Xives, from the Monthly Tables of the Births and Funerals in 
Jh^eJlaWi th<5 Capital City of the Province of Silefia • Or,, aa the 
tf rrfffa»x cdll it, Schlefia. Whence he proves, that it's 80 to i a 
Pcrfori of 25 Tears Old m\l iiot Die in a 2T?flr; That its 54. to i, 
That a Man of 40 will live 7 Tears: That a Man of 30 Tears 
Old may reafonably expeft to Live 27 or a8 Tears^ &c. 

Now frfim.theie and thetlike Proportions (he Juftly infers that) 
the Vrice of Injurance upon Z/v^j ought to be R^egulated,. there 
being a great Di^etence between the Life of ^ Man of 20, and one 
of 5P». For Exampk^ *Tis 100 to i, that a Man of 20 Dies not 
in a Tear\ and but 38'to i, for a Man of 50 Tears of -^^^. And up 
ea rbefealfo depends the Faluation of Annuities for Lives 5 .Por it; 
is plain, that the ^urchafer ought to pay only fuch a Part of the 
. VaHte of any jlnnuity^ as he hath Chances that he is Living. 

And for^that Furppfe he hath taken the Pains (which was notj 
a little) to compute the following Table^ (that ihews the Falue of 
Annuities), fat every JWthr Tear of Age to the 70th. 





Tear's ^ttrchafc 


15 


Tear's -^Purchc^e 


Age 

50 


r^r'j y«rd'. 


*io.iS ' 


i2,a7 


P.ai 


J 


13,40 


50 


11,71 


5J 


8,51 


10 


13.44 • 


5J 


ii,it 


tfo 


7,tfo ' 


.15 


• ''^''^ 


40 


10.57 • 


tf5 


, <f*54 .. 


£0 


ia,7.8 


4J« S».9i 1 70' 5.3a 1 



The fame Ingenious Gentleman proceeds on,* and ihews how 
to Effliffidte or find th^ Value of Two. Lives^ and then of Three^ 
LiveS^ which being too long a Difcourfe to be recited here, I 
have, for Brevity^s fake, omitted it 5 and ihall only add this fe^* 
BQus Obfervation, .» 

Viz. How Hnjuftly we repine at the Shortness of our Ltves^ 
and think our felvca wrong'd^if we attain not xi) Old Jge^* 
whereas it appears, that the One Half of thofe that are Born, 
SDie in Seventeen Tears Time. For by the aforefaid Bills of 
Mortality at Breftaw^ it was found, that 1258 werc: ii\, lhar. 
Time reduced to 616. So that inftead of Murmuring at what 

Je f ^U a Short Life^ we ought to account it as ^ great BIcf- 
ng that we have Survived^ perhaps by manylfcars, that IPf^ 
riod .of Life whereat the 00c half of the whpl^ Race of Mankind 
does not Arfivc. ■ ■ -■■ \ •' . i 
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^ at Compound Intereft. 

All Free-hold ot Real Efiates, are fuppofed to bo PurcfiAfed or 
Bought to continue for Ever (vi», mtbaut any Limited STiifK) j 
Therefore the Bufincfs of Comptfling the true f^aJue of fuch 
Eftates is grounded upon a Rank or Series of Geometrical 
Proportionals continually T>ecreafing^ ad Iirfinimm. 

Thus, Let y, «, it, Denote the fame J>atu as in the 

laft SeHion. Then the Series will ^®' ;g ^ ^ ^4^« 

> and fo oh in ^ until the Laft T'^rwrro. Then will 5^—0 

(vit. 5P) be the Sum of all the Antecedents. And SP — -^ 

will be the 4y»w of all t^e Confequents^ therefore it wiU 

be, »: - : : 5P; IP— | which produces y il— ^ = 5P. 
R R . 

• This Mqttation afibrds the fcUawing 7i!^ror#mx : 

Theorem i. TR —^'rrtt. Theorem %. f - '^ _m 

Theorem 5. 

Ejcample. Snfpoji a Freehold Eftate of'j 5 /. Tearly Rem 'ucere 
to he Sold^ 'what is it worth allomng the Buyer 6 per Cent. £^c. 
Compound Intereft for his Money ? 

In this ^ueftion there is given «r= 75 * JR = i,q<^ to find !P- 
Per Theorem 2. Thus JR. — i = o,oO 7 5 = « ( 1250/. 3= fP* 
the Anfijoer required. And fo on for any of the reft as Occafion rc- 

2uires. But if the Rent is to be paid, either by ^tarferlyp 
h Half Tearly Payments 5 

^ li= 1,08 for Tearly -^ 
Or i 11= -v/ 1,08 -" for Half Tearly V Payments SLti per Cent. 
C 21= V • 1/I108 for Quarterly 3 
The like is to be underftood for any other propofed Rate of 
Intereft either Greater^ or Zefs than 6 per Cent. 

The Application of thefe Theorems to Praflice, is (b very 
Eaf;^ t^at it's needlefs to infert more Examples. 

I AN 
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AN 

INTRODUCTION 

T O T H E 

Mathematicks. 

PART III. " 

C H A R I. 

Of Geometrical ^IMntf iott^, &c. 

Se£i. I. 0£ Lines \ z,nd jingles. 

Point hath no ^ar$s: That is, a Geometrical Voint is 
not any ^iantity^ but only an AJJignahle Tlace in any 
^antity^ denoted by a tPwW: 1 ^ q^. 

As at ^. and S. J^-' -^• 

Such a Vlaee may he conceived fo Infinitely Small^ as to he void 
of Lengthy Sreadth and Tbicknefs-^ and therefore a Point may 
be feid to have no ^arts. 

2. A Line is called a J^antity of one fDimenfion^ becaufa it 
may have any fuppofed Le72gth^ but no Sreadth nor T'bicknefs^ 
being made or Reprelentcd to the Eye^ by the Motion of a 
^oint. 

That b, ff the 5P(?/W at J, be Jfeftw^/^ ff//t?« the fame 
Vlace^ to the Voint at S, it will defctibc a Z/W either 
jRigifr^ or Circular (viz. Crocked) according to its Motion, 

Therefore the Ends or Limits of a Line are Joints. 

5. A Right Line, is that Z/W which liethJSv^w or <9/rr/^^/ 
betwixt thofe joints tlx^t limit its Lengthy being thoJl>orteft Line 

that can he drawn between any* Twc)! ^ ' 

Q^oints. As the Litie AS. f ^ ' ^^ 

T'herefhre hetiveen any Two "Points^ there can Lie^ or he 
fDraivn hut one Right Line. 

O o a 4. A 

I 
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4. A Circular, Crooked or OsLiqVEZine^ is that which Zies 
bending between thofe Joints which 

limit its Zength^ as the Lines C 2) 
or F6, &c. 

Oftbefe kinds of Lines there are 
various Sorts ; bttt thofe of the Circle ^ 
Varabolay Ellip/ts^ and Hyperbola 
are of moft general Ufe in Geometry^ of which a particular Jk- 
count fhali be given further on* 

5. Parallel Lines, are thofe that 
lie Equally 2)iftant from one another 
in all their (Parts^ viz. fuch Lines as 
being Ir?finitely eSctended (^upon the 
fume fPiain) will never Meet : As the 
Lines AS and a b: orC2) and c d. 

6. Lines not Parallel, but Inclining, (viz. Leaning) ono 
towards' another, whether they are 
Right LineSy or Circular Lines will 
(if they are Extended) Meet ^ and 
make an Angle:, the ^oint where 
they Meet is called the Angular ^pint^ 
Pi^ at A. And according as fuch. 
Lines ftand, nearer or further pflf 
each other, the Angle is faid to be ^^ 
Leffery or Greater ^ whether the Lines 
that Include the Angle be Long or 
Short. That is, the Lines A d^ 
^^^^fj'^^^^^^^ ^he fame Angle as AS, and ^C doth 5 not- 
withftanding that ASh Longer than Ad, &c. 

■7' AH Angles Included between Right Lines arc called 
Right'lm d Angles 5 and thofe Inclndcd between Circular Lines, 
are called Spherical Angles. But all ^«fg/i?j, whether Right lin'd 
or Spherical, fall under one of thcfe 2T?r^^ Denominations. 

r/2;,< An (©fttufe Single, 
C An acute Single. 

8. A Right Angle is that which is Included hctwixt Thvo' 
Lmes^ that Meet one another ^Perpendicularly. 

That 




•Chap. I. Of ^definitions?, &c. zSj 

'Ttat is. When a Right -line 2> 

^s 2) C , ' Meets with another 
'XgghtMne ^% A S ^ €o direftly 
as that it neither Inclines nor 2)e- 
clines . to one 4S>W^ more than the 
other, bat makes the Angles on 

iH^th Sides of it Equals as at at, ^; ^ :_ 

Then are- thofe Angles called 

Might Angles 5 and the Z1W5 fo 

ineeting are faid to be Perpendicular to each other. 

- Thatis, ACj and C B^ ^x^ ^Perpendicular to 2)C^ as well 

Sto 2), 6 is to W^i&^ or both of them. 

9. An OBTtJSE Angce is that which is Greater than a J^/^gi^ 
jSngle. Such is the Angle Inclu- 
ded between the Lines A C and 1^ 
CS. • .S 



S 



JO. An Acute Angle is that ^. 



wbich is Zefs than a il/g/:?r Angle: * ^ 

As the Angle Included between the Lines CS and C2). 

Thefe Two Angles are geherally called Obliq^ue Afjgles^ 

SeU. 2. Of a Circle, &c. 

Sefore a Circle and its ^arts are tDefined^ it will Ve convenietjf 
to give a hrief Account of Super fities in general. 

I. StjpERFiciES or Surface is the upper, or very Out fide 
of any vifible Thing. But by Superficies in Geometry, is meant 
only fo much of the Outfide of any Thing as is Inclojed within 
a Line or Lines, according to the Form or Figure of the Thing 
De/igned'^ and it \s produced or formed ihy the Motion of a Line^ 
as a Line is deicribed by the Motion of a ^oint 5 thus: ^ 

Suppofe the Line AS were equally 
Moved ( upon the fame ^lain ) to 
C 2) ; Then will the Joints at -^and 
S 7)efcribe the 7w> Lines AC and 
S 2) J and by fo doing they will 
Form C^nd Incbfe) the Superjpicies or Figure AS CIDy be- 
ing a ^tantity qf Thvo 'Dimenjions, vis. it hath Length and 
'Breadth, but not T'bicknefs. Confiquently the Bounds or Limits 
of a Superficies are Lines. 

' Note, 
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Note, The Superficies of any Figure^ is ufually called its Am.a^ 
2. A Circle IszVlain Regular Figure^ whofe jirea ts bwniU 

or limited by one continiied Line^ called the Ci&cvMFKRmNCE 

or Periphery of the Circle^ which may be thus DeJcribU^ 

Drawn. 
Suppofe a Righ Zinef zb C St to have one of it's 

tream Toints as C, fo fixt upon any 

^lain^ as that the other l^oint at S rnay 

Move about it 5 Then if the Voint at ^ 

be Moved. Round about ("ci/m /i&^ faim 

Vlain) it will Defcribe a Line equally Di- 

ftant in all its ^art$ from the Tdm C» 

which will be the Circumference or tP^*- 

fhery- of thart C/>rte 5 the Voint C, will be 

it's Center, and the conuined Sface will be its Area^ andtbe 

Right Line C S^ by which the Circle is thus Defcribed^ is coiled 

Radivs* * 

Confeclary. 

From hence 'tis Evident^ That an InfiniteNumber of Right Lines 
may he dra'uonfromtheCenter of any Circle to touch it's T^eripbery^ 
which will be all equal to one another^ becaufe they are all Radius's. 

And with a little Conjtderation if will beeafie to conceive^ that 
no more than two equal Right Lines can be drawn from any i>oint 
within a Circle to touch it's ^erifhery^ but from the Center only. 
(9.^.3.) 

%. Ei^vAL Circles are thofe which hsLveEqual Radius's 3 for 
it*8 plain by the laft 2)efinition^ that one and the fame Radius 
C^sCS) muft needs Defcribe Equal Circles^ hpw many i^ever 
they af;e. 

4. The Diameter of a Circle^ is 
^wice its Radius joined into one Right 
Line^ ^s A S drawn through ;hc 
Center C, and Ending at th^ Teri/he- 
ryjon each Side. 

Tshat is, the 2)iameter divides the 
Circle into Two equal Parts. 

5. A Semicircle (viz. Half a Circle) is a Figure Incbided 
between the ^{amejer and Half the Periphery cut off by 




t\iQ Diameter '^ h%ADB. 
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6. A Quadrant is Ualfz Semicircle^ viz* one ^w^rr^r of a 
Circle ; and 'tis made by the Radius 
[ 9s 1> C) ftanding ^trfendicular up- 
31:1 the Diameter at tnc Center C, 
TVtting the Periphery of the Semicircle 
lia the Mddle^ as at !>• T'berefore a 
'iodrant^ Or half the Semicircle is the 
Teafure of a Right Angle., 

' 7* A Chorb LinS| or the Suhenfe 
of an ^r^^, is any Right Line that cuts 
tfae Circle intoTW unequal ^Parfs^ as the Line SG^ and is^ 
a^lways Zefs than the Diameter. 

8. A SsGMENT of a C/rr;/^, is z Figure Included betwixt the»' 
^bard and that Arch of the Periphery which is (r»r t?^ by the 
^bord : And it may either be Greater ^ or Zefs than a Semicircle 5 
As the Pafjar^ SMGy or SDG. 

9. A Sector is a Figure Included between Two ^^/^/>/i*sof the 
Circle^ and that ^r<7/& of its Periphery 
where they 7e>«f Z?, as the Figure ACS: 
And the Arch A B i$ ^he Meafure of 
the ^»g/^ at C, Included betwixt the 
Radius's A C, and B C. 

Note, All Angles of Seniors are called 
Angles at the Center of a Circle. 

10. An Angle in ikktr Segment of ^. Circle \% that which Is 
Included between 7W Chords that flcjo from one and theyaws^ 
^oint in the Periphery ^ as at />, and rw^^/^ with the Ends of 
another C^ori Line^ as at Pand G. 

That is, the Amies at D, at P, and at G, are called 
jjflg/^i at th^ Veri^ery^.ot Angles ftanding on the Segment 
ef a Circ/r. 

^if^. 3. 0/ Triangles. 

T^ere areYvw Kinds of TriangleSy via. Vlain and Spherical -^ 
hut Ijhall not give uny Definition of the Spherical^ hecatife they 
more immediately Relate to j0ronomy. 

I. A Plain Triangle is a Figure wbofe Area is contained 
within the XifWiVi of 5rtbivf Right Lines called 5'///^i, Including 
l^ee Angles: And it may be Divided^ and takes it tfame* 
. cither according to its Sides or Angles, 

I. 3By 
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I. By its Sides. 

1. AnE(^VILAT£ILAI.T&lJLNGLEyi8that 

which hath all its TT^ree Sides cqudl^ 
A9 the Figure J "SC 



3. An IsoscelesTriahgi^e, is that which hath 
cnly &W0 of its Sides jRquat^ ^» the I^ure 
M2)Gi That is, ^ X> = 2? Gj but the SHb/W 
^/i^ BG tnay be either Greater or Lefs^ as 
Occafion requires. 

4. A ScAtENUM Triangle, 
i| that which hath all iu 7)&r^tf 
Sides Unequal'^ 
fuch as the Figure H^ M. 

a. By it» Angles. 

5. A Right-angled Triavgle^ is 
that which hath one, ^/^/^f J4!wf/c5 
That is, when 7'njoo of its Sides are 
Perpendicular tp each other, zs C A 
i« fuppofed to be to -5^. Therefore g 
the Jnpe at ^, is a -^/^gto ^ngie^- 
Per ^^j^. 8. -y^fif. I. 

Note, ^he longeft Side of ever v Rigbf-affgled Triangle (as B C}. 
is called the Hypotenuji^ and the Lmfeft of the other T^wo Sides 
njohich Include the Right j4ngle (as Bj)is called tl^ Baji: l^e 
Third Side (as C A) is called the Cathetus or Perpendicular. 

6. An Obtvss-angled Triangle^ is that which hath one of its 
^n^les OttufCj and it's called an Amblygoniiiin Triangle. Such 
1$ tic Third Triangle H KM. . ^ ^ 

7. An Acute-angled Triangle, is that which hath all its* 
jingles Acute^ and its called an Oxygoniutn Triangle^ Such are ♦ 
thQ Firft and Second Triangles ABC^ and BDQ. 

Note, All Triangles that have not a Right Angle^ 'whether they - 
Bre Awe^ or Ohufe^ art in General Terms ^ called Ohlifue Trian- 
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»Ty ■" ' "~~ l ' II ^ J i . . i ll I f l 1 1 1 ' i T ft'' < ' ,. 

^f f^ ^''^*o»f tf«7 other ViftinBion^ 'as h^/ore. And the to^hj^ 
Miaif of emtj Oblique Triangle is ufualfj cdHeS th^ Bafej f^i 
br A«fr /too /w^<; i^?/y <il//^j^ Sides or L,cgs. 

®:.: The JlltUttfe djr IJ^etgbt, pF any 
4^laiA TriaagJey is the £f«'jjf>b oiz.Rigii 
Z^^^'^ltcBdi i^erpeTfJicular'jtromsiny ot its 
^»^lesy upon the Sii^ oppofitc to ths^c 
-^«5P& from 'whence »ic falls 5 and may Be 
c&hcr within, ©r witliout the Triangle, 
m^Oi^cdfiou require s\ bciog denoted by' 
^c Two prick\d lines^ in the anHenei 

ii A ^uare is a ,plain regular figure^ y, 
HrhakrArea is Jimih^ h^FoHr equziyi^es ^ 
all P^^i^«i/>»/irOnetf6'anochfer.-' * '' * 

. Tbaxis^. whca ^B ?=: iiC=^CV — nA^- .. - . 
f^^ Jingles 4, JBy.py /) are all ^^«%V: -, 

Sipeare. . , , . t xi 

V 3k ;AJBj»ti»u», ot jyiamo^-Jike Fi- 
g^e^ ia that which hath fVw^ equal 
Sfufc^^ut rid ^^bk-angle: Thetis, 
a i?l|0/oi^a;jr is a Square mpy'd opt of its 

rigb\ Pofition^ as the aw^^x^d Figf0tf. j , T"""^ — \ 

p AtteikapQle, or a Right-angled i^etallelcgram (pfttncstlhi 
an tfihngy'ot long Sq^firt^' is. a ... ^ \ u: ■'.... . ........ -^ ^ 

F<J«r^ that hath four Right^angles ' ' ' 

and its fooo opfolfttq, Siaes equal, 
pHx '^iisflb'ani i/f -^ CD 



■>■? 





H 



. .4- AtthrnibotHef, '^ ^n Ohlique.angud P^Melcgram \ that is. 
it;s a Parallehgram Moted out of c — = — -^ ^ — — ' 



ita /?/|i&t>o^f/9^f/:iati the^«^f^i 
ed figure... • . 

5. rh^ ^Ititutif OT; Heigbt of any OhUque-angled Pardllelcgram. 
viz. either of the Rbm^m or Rhomboi- 
desy is a V^j^yttne fct fall perpendicular 
from zny Angltr upon the Side oppofite ^ \ 
to thzi Angle; and may cithet be within i \ ? 

or without the Ft^fire: As the prick'd =•• ^N— i- 

£i«^* in the annexed Figure. 

Pp 6.M 




<fi^^ noip thofc bcfbrc-mcntioncd, 
are called CriMieVa* 

That b, when they have neither 
OPp<yfii/ ^ideiy nor Ofpofu An-^ 
g^es Bqud ; at the Figure ABC P. 

% A. 9ff^lifi0 diawn fiom any AngJe iaa Fim-fdedF^e. 
to its oppojtte An^e^ is caUed a PiaSfnal £i>tf , and wU> Dkoiit^ 
the ^re'if of the r/^«^ into iv^ Triani^es^ hf^defMif4'bf cb^ 
frick'dlhie 4 Cintlkchi^ Figure, 

8* All rigbt'ltned Figures that have more than /bsrr S2fer, 
are called Polygons^ whether they be regular or irregular. 

9 A Regular ^olraoa i; that whidi hath all itf 5ii!fi Etpial^ 
flandiiig at Equal AvgleSy and is named according to the Number 
of its Sides (or Ar^g^es). That is, if it have ^ItffJBmlSidifSj^ it 
b qdl'd a l^gntasoa ; >4f ^*« JS7//4/ 5i^«ri, it is odra a^||Eaf|fa J 
it 5r9^x^9 'tb a j^tason ; if Eighty 'tb an iOt^n, ft^ 

^^otc, -rf// Regular V^\f^m,mayle hfiriyif^ in a Circle i tiat 
is^ their Angular^ Foifip, bow rn^nj foever tbej baioe^ ngAll eH 
jufijmcihibe Circles Periphery. 

10. An Btftesulat fdol^on is that "Fipnf^^ wbidi hath rnanf 

uveqttal Sidss flaii4ing at unequal Angles 
(like uiKO the aiznexed Figure^ or othfer^ 
wife) ; and of fuch kind of ?/>Iygons there 
are infinite yariefiesybut.i^ may all 
bt reduced to regdar. Figures tf, drawing 
hitigonal Lines in ttiemj ^ iball be Ihew'd 
farther on. ' ^ . ' 

Thcfe are the raoft General and VJeful^tfefinHimf _tfait con* 
ccm plain ot fuperficial Qeometry. . .^ '! 

As for thofe whichrclate to Solids^ I thoiigl^t it cojiveruent to 
omit giving any Account of them in thii^^ace, becaufe^thcy would 
rather fuzzle and amufe the Learner ^ than imfrt^fye him, until he 
has gain'd a competent Knowledge in the moft ulefiil Theorems 
concerning Superficies y for then thofe BefinHiOHs may be more 
cafiJy underftood, and will help to form a- clearer Idea of dieit 
refPeSlive Solids j than 'tis pojjible to'c^hfeeive of them before ; 
aed therefore I have refery'd thofe Definitions until we come to the 
Fifth Part. 




. , . ^y-r—rr-' Til 

-S?S, y. CJf /«ci aCerm0 ^^ /ir« generally ufsd in Geometry. 

Whatlbcvcr ft prdpofed Iri Geemetry will citbcir be a l^ioblem 
or a C^eoi^tn. 

flw&#Kl<ft Buliihtcludes iti tht^^nhcdfim dPPropopibv^ 
A f^imm is that vfhidnpropofej .foifaething to be bbni, ii)3 
^-* mdrte itmnedUtfety lo proBical than fpeculathe Geomet~^ ' 



Thsit isj it*§ gdicrally of fuch i Nature^ as to be perform dbj 
fiitifc toidt^n br CbrnMl^-hcei^'dl Rulei, without any Regard had 
to ib^it fyiefiiiwti oi Demo^JirAtihfzs. 

\ Atma^ i\ ^fit^ air^ Cmmnly-ireetWl kifle, oi^ iny New 
Trbpi^tibfihjtqhix^^^ that fo it may from 

tbeife^ forward Become a r^rf^fc Rule, to be rely'd upon in Pra* 
Afcc Whfeft Occalion required It. And thcrefote fevcral Roles are 
ofteti cMATb^otemL by which Op^atidns in Aritbmetick^ and 
^^kclUjid^sin GeoniBtry^ ^x^ perfornfd. 

; No^j \By3l6^a«mittatloil /j underfl^od i^ bighefi De^ee ef 
Proof tbattJumoft Reafon is c^ahle of attaining to, by a Train of 
Arguments deduced or drawn from fuek Plain Axioms^ and other 
Selj'^evident Ihitbs^ Jts tannoi be denied^ ky any One tbat conjL 

A S^joUarp, or Confertar? , is fome Confequent Truth d^awn^r 
^^^iimf^rsfUenifi^rafion. 

A Lemma is the Demonftration of &mkFremifes laid down i>t 
propofcd as furepdrMi^e to obn^^ and fhotten the Proof of the 
l1&^ori?OT under Confidctt^ion. 

AS^cbolfaim is a brief Commentary or Ohfervation made upoci 
Ibme precedent Difcouffe. 

^t fi. / advife the Young Geometer iope very perpa hi fh^ 
Definitions, viz. NottoVeft fatisfiedwiibiahareJiem^mhravce 
9ftbem ; hut, that be ende^toour to gain a ^/t'lsr Idea or Under- 
Handing ofibiTtivj^f defined ^^ and ferr ibat reapffi I b^tve ieem 
fuller in eDerj Definition than is ufitaf. 

And, that b^'^f ^^mo from whence mafi of the f Aiming 
Prpbtems rf Theorems contain d in ihe Rw next Chapters are 
i^^^!^'J^^^ ^/-^/bjff cited th' Propofition, and Book of 
tuchd s Elements iphiere they may hefoUnd. 

As for inflate ; at Problem i. there is (j. e. i) tnhiehfhems 
that it u the Thfxd Propofition in EuclidV Fi^a Boofc. The tike 
V^fi. be mifierfitfidin the Theorems, 

P P 2 CHAP. 



IpV " (Btmintfi of ^tomttvVr ^vt llln 

. e H Ap. n. _ ^ 

The Firft Xnbtittcnto, or Leading and Prefaraior} 

JJV^ $ird^r io p/rforpt fbefollovohg Pidalems, tbey^ung Gmme*^ 
ter ought io befrovided witb a ihinjir eight Ruler, t^atlfi either 
of prafs or Box* wood, and two Pair of veryff>od Cof^pajjOTes, x^» 
pne Pain call'd Thrcc-pobtcd Coropaffcs, beiiig very u^ful for 
dm^ing of Figures or Schemes^ either v)itb Black Leadt €r Imk.1 
And one Vair of plain Compafles with ter j fine Point Sy to Wfeor^ 
furttmdfet off Difiances^ alfa he Jhould bave a very good Steel 
£)rawing-Pcn : And: tb'^n.be my^ proceed tp tbf Jfi^k with ibis 
Cnu%i9n ; TbA^be QUghi^ io make bmfelf /(iafter of ^^ne Vrdbkak 
lefore b^ undertakes tbp next : That isy be ouj^ to wtderftand-' 
the Dcfign, audas far as be cdft^ the Keafon of every Vr^km^ 
^snvelJas how to do it ; and then a little PralSice mil render 
tbem very Eafyy tbey teing all grounded upon tbefe feXlonxnng 
Poftulates. ^' 

fiqlltifoteft or |Bditimi& 

1^. That a Xigbt'line ms(g be l>rawn from any one g^ven FoMrft 
tGtanotljefc 

2. That z Right-line may be produced, enereaffd^ or madt. 
&!9g^?r frdtu'cithe^of its Ends. . 

q; Xh^t.upca any giyqn Point(ct Centre) and yntk any ^veo 
Viftance (viz. with any ttaWuf) iCiule mzf be deliribcdw 

P R O B L E M I. 

TvoQ Ri^ht'lines leing given \ To find tbeir Sum 



•L^t the giYen'£/«^i be J ^ 






U^UAitJhoneftl^ne,^sCB, 

JRddiusj and with it -Defcrihe a J ■ J 

Circle : From its Centre C fct ofF> -'"»[ jpT 
the other Line AC, ixidjoyit - ' ''* 

ACB with a RightMne. I'hcn 
willrfB=p^6' +.CB ; and 
AT>'=AC^CBy as was t^ 
quired. 



tlOr. 
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P R O B t E M If. 

Jh KftBj &r Dhide a Ri^tJine giien. fas A B) into fW0 

.From both 3id^ of the given Line (*viz. A and B J) with dfff 



Sladius, Gf eater than half its Lengthy 
^fyJeriheXvso Arcbj^ that may crofs 
cabch other in Jhm Points^ as at JDand 
Fi then joyn thofe Points D F withi 
* JUi^'^Une^ and it will fo]/^c? the 
2^^^ ^ B in the middle at C ; v/«. 
ic will make ^ C = CB; as was ro- 
q^iired. ' • - •" ^ 



PROBLEM ra. 



•.D. 






\ 






at 1> ; then /gy« the Points Cand ^"^^p^/* •jj;fr"»««Nr;gt 




TaEifeB a RightJiud Angle given^ intd Two equal An^s. 

Upon the Angular Pointy as at Cy with any convenient l^flifins, 
defcrihe an Arches A B ; and from 
thofe Points A and ^, Defcribe two 
equal ^rches crojfi^^ each other, as 
at 1> ; then /oy« the Points Cand 
D witn a Etgbt-liney and it will 
Bf/^S the ^r /; /< jB, and coijfjquen^- 
fy the Angfe-, as was requird, 

PROBLEM ly. 

Afn Point A^in aJfigbt-Hne ghen ABi to ma\e aRight-Und. 
An^e equal to a JSig^'lin*d Angle given C (23 ■ e. i.) 

Upon the given Angle Point Cdefcrilbc 
an Arcliy as F Dy (making CD any 
Radius at ^eafureX^nd with the QiO^ 
Haditii df^firih the like Arch, upon th^ 
given Ppijr^ Ay ^if4*y that is, mak^ 
the Arch fi Equal to thi Anh F D ; 
si^JoS'f ^hef Poinh ^ and / with a 

t^liirU' ^4 itwyirform jixe^A«^sH 
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PROBLEM V. .. 
To *aw * RigMJiw as PD, pataSel t»a gheu tLiOi-^ie A B 

Vtfiaaceyeqmrd. (^i.e.i.) ^ 

• Tak« any convetiient'point in the given tiiu, as at C,(d« 

ferther off * the better j ) make j,y .„ * * 

C K Radius, and with it upon F ^-4^ '^i^ ■ JT 

the t'otnt C, defcribe a SetiU' f \ 

(Me, asHJktx N; then make A j ■ , '"*■ 

the Ank, H i?/ equal to the ^^^ C " A?" "^ 

'^'■5* * ^,'*, *"*' *® ?«'»?*/»/ and « draw the RMt-Uae F U. 
^nd It will he Pardll(^ to the Zjw^ ^ c, as was requffd. ' 

PROBLEM VI. *■ 

^ Zf* fa^a PerpendicuUr, as C *, w;»o« aghex Higbt-U/te A B 
from any aJfi^nd?ovtt that is not in it, nsfrom C. (12. e. ^.J 

Upon the given Point C defirite fiich aa Arc6 of a Circle 
Viil Crofs the givf n Line A B mtwo ' 

F(tims, as at rf and/ J thm hifea 
?ne Diftance between thofe /too 
Points df per Probl. 2.) as at *. 
r«aw the Ri^t'Unt. C x, and it will 
be -the ferfendicujar reqair'd. - 



"•••..*«..••-' 



4^'* 



PROBLEM VII. 



^*£f5;"'" '^"'^^ '^ Perpendicular «/o« *A^ JEW »/ «n orv^ 
.r5?^:iy ^i ..» B; ^ruff^anj ^b,r foim ^Jflgrii^in it. 

Upon any Point (uken at aH Ad»enti)rO one df die flbM 

as wiH />^/j through the ?»/«/ from • *-'-*^ ""•■ Vk ■ 

yrheace the Perpt^diculeo- muft be / . ..•• f^ 

raiJla^asztB, (viz. make C'B Jfa^ : /*.••'** \ 

<//»*> And from the i>#/«jiwlKre the - J v'''*S 5 

C>>^le cuts the ^iven Z/w, ni at A, . , , \ ■^'-^' X. / 

//»-4w the circle s Dimeter A C D; v .4\ ' -^v ;V 

then from the Point D draw the ' ''''""v^ ••-*'■ 

A-Zg^-^? D ^ ;^d it ^ b<^ tljfc Fergeadiful^ - '^ '^^ 
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PRO BL EM Vm. 

Numher of Equal ParU. {to: e. 6.) 

At the Extrcsto Pointsi (or Ends) of thcgivsn line^ ay'at 
A and By suke Tw> equal .^it- 
^les (Jof Pro^. 4.) contipning 
cheir Si^es ^Z> and B C« (o 

any luf^cient Unffb) thenu^ 

on th^fe Sides, beginning al the. 

ESoints A and fi, fee ofFdie pro- 

pofed Nvmber of Equal Parts 

C/uppofe'tm^.) ISRi^ht-lines 

be drawn (^rro/j the given Una) 

Aroqoi on^ Point to the other, 2^». 

ia the annexed Figure, thofe L^es will divide tfee given 

-^ B into the Number of equal Parts required. 

PROBLEM IX. 

To Vefcriie a Cifcle that JhaJl pafs (or at} Ura any Three 
Points given^y not Ijifjg ma ^igbt^line, as at the Points 
jiBD. 
Joyn the Points 4B and B2) ynith EigbtJines ; theubifeft 
both thofe Linesy (fen Prohlem 2.) the ^...v.«...,. 

Point where the bifeaing Lines meet, ? v/ *" "V 
la at C, will be the Centre of the Qircle 
Y^uir€d« 

The Work of this Problem being well 
nnderftood, 'twill be eajie to perform the 
two following, withopt a^iy ^beme.y viz. 



Une 



\ 



<.3-^ 



'1. To find the Centre of any Circle given. (1. ^. 3.) 

By the laft Problem 'tis plain, that if three Points, be any where 
taken in the given Vircle's Periphery^ as at Ay By Z), the Centfe 
of that Circle may be found as before. 

l^Ifa Segment of any Circle iegiteny to com^leat or Tefcrlhe 
the whole Circle. -^ 

This may be don« by taking any Three Points in the given 
iegme^*^ Arch« and then proceed as before. 

PRO 



i95~"~^ Part life 

PkdBLteM ± 
Vpm n Rigbt-lhie ^hen, dsAB) lb defcrihe kn SquzIaterM 



::Make tUs given Line J^ddiUsj and 
with it, upon each of its Extream FoinU 
or Bndsj as at A^ and B, defcribe an 
Arcbj viz. W C and B 6? 5 then joyn 
the Poifti^ ^C and BC with K^ght^ 
lme4y and they will msfee the Tt tangle 
rcqiikU ; 



'^.•^ 




xi. 




. PROBLEM 

"three Right-lines iting given ; To form ibem into a trianjglej 
(provided any ivoo of theniy taken iogeiber^ he TonPer than 
the Third) \i2.e.x.) 

Let the given X/«i?j be 

Make either o^ tht JhorterLines 
(as A C) Radius^ and upon ei- 
ther End of the longeft Line ; 
(as at A) dcfaibc an Arch 5 
then make the other Line C B T(adiiiSi and upon the other Ena 
ot the longeft Side (as at B) defcribe another Arch, to crofs the 
Firft Arch (as at C) : Joyn the Poinfs C ^ and Cb with Rigbt^ 
lines J and they will forpi the Triangle retjuired. 

PROBLEM Xii. 

Upon a given Rigbt-line^ as A J5, to form a Square. (46. e. i.) 

Upon one End of the given Line^ as at B, ereS the Perpen- 
dicular B Z), equal in Length with the 
given Line J viz. nlakc BD =s a B ; 
that being done, make the given Line 
Radius J and upon the Points 4 and D 
defcribe et^ual Arches to crofs each other, 
as at C; then joyn the Points C A and 
C D with Right lines^ and they will form 
the Square requiredi 

t RO 
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PROBLEM Xm 

"hiomeqtttd'Rigbt'Unes heing^ven ; Jb foriti iff thake 6f thetH 
a SJSbt angled Parallelogram. 



{i 



-B 



Let the given Lines be 

Upon one End of the Lunge ft 

Jjne^ as at 5, erefl: a Perpendi' 

ttdar of the feme length with the 

Jhorteft Line BC ; then from the a _j^ 

PoiafC draw a Line parallel, and _ 

of the fame length, to A By viz^ malce hC-=zA B: Join D A 
with a I(igbt'liney and it will form {tic Oblong or P araUelograni 
lequirU ' 

As for Rbombtts^s and Rhomldides^ to wit, OUique^ang^ed 
Parallelograms, they are made, or defcrib*d, after the fame man-' 
ner with the two laft Figures ; only inftead of ereSing the Per- 
pendiculars, you mufi let off thetr given Angles, and then proceed 
to draw their Sides parallel, Qc. as before. 

PROBLEM XIV. 

,/« any given Circle, to infcrihe or make 4 Triangle^ v^hofe An* 
• 1^^^ j^(^l b^ Equal 10 the Angles of a given Triangle ; as the 
Triangle FDG. (2,^.4.) 

Note, Any Hight-lined Figure is /aid to Fe ivfcrih'd in a Cir» 
(ley when all the Angular Points of that Figure do jujt touch 
the Circle's Periphery. 

Draw' any Rtghi4ine (^sHK) fo as juft to touch the Circle, 
asat^; then make the Angle 
KaC equal to .any one Angle 
of the given Triangle, as D i'G ; 
and the Angle HA B equal to 
another Angle of the Triangle, 
^DGF'y then will the Angle 
BAC be equal to the Angle 
P D G. Joyn the Points B and 
^ ^^th a Right-line, and 'twill 
form the Triangle required. 




Qq 



P R O^ 



298 




(glementg of (geometry, t^an in, 

PROBLEM XV. 

In any given Triafigley as ABD, To defcrihe a Circle t&atjbdl 
touch dll its Sides. (4. e. 4.) 

EifeS any two Angles of the Tri- 
an,i^le, as A and J5, and where the 
bifeaing Lines meet (as at C J will be 
the Centre of the Circle required : and 
its Radius will be the neareft Diftaiicc 
to the Sides of the Triangle. 

PROBLEM XVI. 

^ To defcrihe a Circle about any given Triangle. (5. e. 4.) 

This Prohlem ii perform'd in all refpeSs like the Ninth, viz. 
by bifeaing any Tvoo Sides -of the given Triangle ; the Point 
where thofe bifefting Lines meet, will be the Centre of the Cirde 

requir'd. 

PROBLEM XVII. 

To defcrihe a Square ahout any given Circle, (y, e. 4.) 

Draw two Diameters in the given Cir- 
cle (as D y4 and fi fi ) croffing at Right 
Angles in the Centre C ; and with the 
Circle's Radius C ,A defcribe, from the 
Extream Points of the Diameter A By 
D Ey crofs Arches, as at fGHK'; 
then joyn thofe Points where the Ar- 
ches crofs with Hjght'linesj and they 
will form the Square requir*d. 

P RO B L E M XVffl. 

In any given Circle, To defcrihe the largeft Square it cam 
contain. (6. e. 4.) 

Having dra\yn the Diameters, zs D A and E B, bifefting 
cich orher at Ri^ht-anglcs in the Centre C, (bs in the] aft Scheme); 
then pvA. the Paints Ay By /), and 1?, with Right'lineSy viz. 
A i^y £ Dy D E, EAy and they will be the Side^ of the Square 

icquir'd. 

p R a 
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PROBLEM XIX. 

Ufon any given KighuUney as A E^ To defcribe a {Regular 
Pentagon, or Five-fided Polygon. 

Make th^ given Line Radius^ and upon each End of it de* 
icribc a Circle ; and through thofe 
Points where the Circles crofs each 
other (as at G x) draw the Right- 
line G'e x; Upoji the Point G with 
the fame Radius defcribe the Arch 
HAeBD: Then lay a Ruler up- , 
on the Points D e^ and mark where f 
it crojfes the other Circle, as at /^. : 
Again, lay the Ruler upon the Points \^ / \ \ / V / 
Hey and mark where it crojps the \/ ^'••l*** \y** 

other Circle, as atC; Then from li'" (?""• t> 

the Points F and 6^ (with the fame Radius as he fore) defcribe 
crofs Arches, as at K: Joyn the Points A F^ FK^KC^ and C5, 
with Right-lines, and they will form the Pepiiagon required, viz.. 
AF = FK -KC^CB = Ae'^2ini the Angles at A, B, a 
/r,F will be Equal. ; 

PROBLEM XX. . 

/« any given Circle, To defcribe a Regular Pentagon. 
(ii. e. 4. 8i: 10. e. 3.)- 

'Or, in General T^^rmSy to defcribe any Regular Polygon /;/ a 
. Circle. 

Draw the Circle's Diameter U Aj and divide it into fo many 

Sual Parts as the propofeJ Polygpn hath 
jmber c.i Sides ; then make the whole 
Diameter a £{a4ius, and defcribe the 
t\vo x\rches CA and CD. If a Right- 
line be drawft from the Point T, thro' 
the Second of thofe equal Parts in the 
Diameter, as at 2, it will aflign a Point 
in the oppofite Semicircle*s -Pm/>/&(f ry, 
as at B. Joyn D B with a Right-line, 
a"iid it will be the ^ue Side of the Pen-f 
iagoT^ rcquir'i 



C, 
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5£o dgfemcntiS of <geemetry> Part iiL 

Thefe Twenty Problems aye fuflScicnt to Exercife the young 
PraflEitioner, and bring his Hand to the right Management of a 
\^ul£r and Compajfes^ wherein I would advife hii» to b^nry 
Ready and Exaft. . ^ 

As to the Reafon why fuch Lines muft be fo drawn as direflcd 
at each Prohlem, Thar, I prefume, will fully and clearly appear 
from the following Theorems ; and therefore I have (for JnrevHjs 
f''ke) omitted giving any 'Dem6nftraiions of them in this Chapter, 
defiring the Learner to he fatisfied with tlje bare Knowledge of do- 
ing them only, until he hath fully confidcrcd the Contents of the 
next Chapter ,• and then I doubt not but all will appear very Plain 
andEafy. 



CHAP. IIL 

A ColleEiion of moft ufeful SCfFeo^rmS in^ plain Gemetry 

a)cinonftrat£ti. 

Note, in order iq jhqrten fevered of the following BemonfirA" 
' %ions^ ztwill I^necejJ'ary topremife. Thai 

I. 'y HE Periphery (or Circumference) of every Circle (wbe^ 
* '•• tber Great or Small) is fuppos'd to be divided into 360 
equal Parts, called Degrees ; and every one of thofe Degrees arc 
divided into 60 equal P^artSy call'd Minute s^ &c. 

2. -All Avg'es are meafufd by the Arch of a Circle defcrib'd 
upon the Angular Point (fee Defin. 9. pag'^ 287.) and are cfteerii d 
Greater ot Lefs, according to the Numbefc of Degrees contain d 
in that Arch. 

5. K Quadrant, or Quarter^part of any Circle, is always jO 
Degrees, being the Meajure of a flight- Angle (Defin. 6. P^^^O 
And a Semicircle is =2 180 Degrees, being the Meaf^e ct Tv)0 

Bjgbt'AngJes. 

4. Equal Arches of ^Circkj or of Efjual Circles, Meafufi 
Equal A>fgles. 

To th "jfc P'lve general Axioms already laid down in page 145, 
(vrhich I here fuppofe the Reader to he very well acquainted 
vnth) it will bt conveniefit to undcrfland thefe following, which 
begm their Kumler where the. other ended. 
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^ ^ 6. Et>eryvrh6\e Thing is dUjeatec than its Pate, 

\*-'hat is, the whole Line A Bis 1 ^, . f .. i',„„B 

g^r eater than its P/zrf /^ ^, &c. f [ ^ 

The feflie is to be underflood of Superficies and Solids* 

7- Every whole is €qaal to all its l^artf taken together. 

That is^ the whole Line AB is Equal \A — { — | .^ [ ,^B 

to its Parts AC + cd -^ de-^e Br c d e 

Xhc fimc is alio true in Superficies and Solids. 

8. Thofe Things which, being hid one upon another, do agree 
or me^t in all their Parts, are Equal one to the other* 

But the Converfe of this ^Afioi», to wit, ^2X Equal Things 
being laid one upon the other will meet, is ovij true in lAnes^ 
and Angles, but not in Superficies^ unlefe they be alike, viz. pi 
' the lame Figure or Form : As for inftance, a Circle may be E^al 
in Area to a Square ; but if they are Laid one upon the other, 'tis 
plain they cannot meet in all their Parts, becaufe they are unlike 
Figures. Alfo ^^.Parallelogram 2ltA 2, Triangle mvj be Equal in 
their Areds one to another, and both of them may be Equal to 
SL^uare; but if tbey are Z^/^ one upon the other, they will not 
meet in all their Parts, &c. 

Note, Be fides the Chataaers already explain d i> Part I, and 
in other Places of this traSly thefe following ate added. 

Viz. X denotes an Angle in general, and t;;: ^ fignifies An- 
gles ; A fignifies a Triangle ; Q fignifies a Square, and CI de- 
notes a Parallelogram. And when an Angle is denoted by any 
Three Letters (as A, B, C, &c.) the middle Letter (as B) always 
denotes the Angular Point ; and the other Tmo Letters (as A 5, 
' and B CJ denote the Unes or Side^ of the Triapgle which includes 
thatAngk. . 

Thefe things htlxvgfremifed, the young Geometer may proceed 
to the Demonftrations of the following Theorems ; wherein he 
may perceive anabfolute N^ceffity of being well verfed in feveral 
Things that have been already* delivered : And alfo it will be very 
' advantagious to Aore up feveral ufeful Corollaries and Lemma*Sj 
as th€y bec6mt difcoifer'd Truths: For it often happens, that a^ 
Prof option cannot be clearly demonftrated a friori, or of it felf, 
widiout a great deal of Trouble ; therefore it will be Ufeful .to 
have Recourse to diofe Truths that may be affiftbg in the Demons 
i /?rtf//a» then in hand. 

THEO 
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THEOREM I. 

J^ a Right Mne ftand ufon (or meet with) another Kfgbt-line^ 
and make Angles with it^ they will either he 1b)0 JUght^^anglesj 
or Two Angles equal to Two Bjght-angles. (i^.e. i,) 

SPmortlfratton, • 

Suppofe the Lilies to be ^ jB and D C^ meeting in the Point . 
at C ; upon C defcribe any Circle at 
pleafure : Then will the Arch A D 
be the Meafure of the -^ hj and the 
Arch D -6 the Meafure of ^ e^ 
but the Arches A D -f- D iS=: 180'', 
viz. they compleat the Semicircle, 
Confequently the ^ * -|- ^ ^ = 180^, which was to ie frovd. 

Corollaries. 

t. Hence it follows, that if the -^ ft -=r 90** then '^ e 
but it t;; ^ be OMufe^ then the ^ e will be Acute ^ &c. • 

From hence it will he eafy to conceive, that if feveral Right- 
lines ftand upon, Qr meet with, any Right-line at one and the 
feme Point, all the Angles taken together will be == i8c^, viz^ 
Two Right-angles. 

THEOREM 11. 

If Two Angles interfeEl (i. e. cut orCrofs) each other y the Two 
ffpfopie Angles will he Equal. (15. ?. i.) 

E>^moitffration. 

Let the Two Lines he A E and 
D Ej interfeaiiig each other in the 
Centre C, 
Then ^h + ^/?=i8o°l ^ , « 

Confequently '^ J -f" -^ ^ zr '^^'-j-' 

X ^5 f^^ Axiom 5. 
Subftrafl: -^ h on both Sides of 

the j^quationy and it will leave 

^ ^ = ^ /f. 
Agani, ^h-^^e = 180*^, as before 5 and -^ ^ -[- ^ C- 

confequently ^^e-^^C— ^h^^^e. Suhjlraa xr 

then ^(7= x;; ft. Q.E.D. fr 




=i8o% 

e, and 

Coro(^ 
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Corollary, 

Froto hence it is evident, that if Two Lines int^rfeft each 
other, they will niakc Four Angles ; which being taken together, 
will always be Equal to Four Right-angles. 

THEOREM IH. 

If <i Higbt-line cut (or crofs) Two Parallel Line s, it will make 
the Opfoftte Angles equal one to another. (29. e. 1.) 

Suppofe the TW9 Lines AB sindHKto be parallel, and the 
Right-line D G to cut them both 
at c and n : Ui^on the Point C(with 
a//y Radius) defcribe a Semicir- 
cle ; and with the fame Radius ^ up- 
on the Point at », defcribe another 
' Semicircle oppofire to the firft, as in 
the Figure. Then 'tis plain, and I 
fuppofe very eafy to conceive, that 
if the Centre C were mov"d along 
upon the Line D G, until it came 
to the Centre at », the two Lines A B and HK would mee^ 
and concur, viz. become one Line (for Parallel Lines are as i^ 
'were lut one hroad Line). Confequently the Two Semicircles 
would alfo meet, and become one entire Circle, like to that in the . 
laft Demonftration. 

And therefore the-^jfTrr^A^ — '^^z — x:^'>fas before, fer 
And ^mz=2^n=^^hz:z'r::^ci\laji Theorem. 

Q.E.a 

Corollary. 

Hence it follows, that if Three, Four, or ever fo many Paral- 
kl-lines, are cut or crofs'd by one Right-line, all their Oppofitc 
Angles will be Equal. 

THEOREM IV. 

The Three Angles of every plain Triangle^ are Equal to Two 

Righi'a?7g'tfs. (32. e,i.) 
Confeqnently^ a7iy Two Av^es of any plain Triangle muft needs 

he Lefs than Two R^ght-angles. (17. e. i.) 





^04 ClemetrtiEf of dBfepmetrT- Part in- 

D^ntonffratton. 

Let the A AS Cht proposed ; draw the Right-line HKy^r 
rallel to the Side A jB, juft touching 
the Vertical Angle C; and upon the 
lame Angular Point C defcribe any Se- 
micircle, and produce the Sides A C, 
and i5 C to its Periphery. Then will 
^ * = x; J5, ^ tf = -^ ^, and 
x:: /(f 5= t: C, fer Laft Theorem. 
But ^ ^+ ^a^ ^^ = i8o^, or 
two Right-angles : Confcquently x;; J5 + ^ -*<+ ^ Gz= 180®. 
ter Axiom 'yi Q-E.D. 

Corollarj, 

Hence it follows, that the Two y<^f^ Angles of every Right- 
angled Triangle are Equal to a Right-angle, or 90^. 

Confcquently, if one of the Acute Angles be given, thic odier 
is alfo given, r«c, po«^— the given x: leaves the other '^. 

THEOREM V. 
tf one Side of any f lain Triangle he continued or produced he* 
yond, or out of the Triangle ^ the outward Angle will always 
tie Equal to the Two inward Of pofite Angles. (32. e. i.) 

jBDemimffratioif. 

Let the Side A B of the /^ABCht produced out of the A, fop- 
pofe to D, &c. as in the Figure. 
Then xz = ^4+-^C. 
for the X 5 ■+• ^ z = 180^ 

per Theofem i. ^^ JV^ 

And the ^B^^A-i^^C *" 

^ 180*', per M Theorem. 

Therefore t: JB+ t;; 2= ^B + t; ^ + ^ C, per Aadom <• 
SuhJlraSi -^ jg on both Sides the Mguatton, and it will leave 
t;zs=t;^ + ^C (per Axiom 2.) Q. E.0. 

Confeguently, the outward Angle (at z) of any plain Triangle, 
muft needs he greater than either of the inward oppofite An- 
gles^ viz. greater than -^ Aj or^c (16. e. i.) "^ 

Corollary. 

Hence it foDows, that if One Angle of ^ny plain Triangk be 
given, the Sum of the other Two Angles is aUb given: for 180®— 
tfacgive6 ^ = the other Two x; t;;. . 

THEO 
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ifir ^«ry fMntriangley tqucitiiesfnitend '(vli. *^ offeJHeio) 

' Equal Angles. (5.^.1.; 

ConfeqH^mJ^yE^An^es artffuHend€atyEpiilSides:(6^e: i.) 

&)em0iijfeatiom A 

Suppqfe the: Al jB CD to be mifofieies A j 
fljatis, letJSC=CDr.. Bifcft the -^.C; or 
f^toWri& i J att one) make C ^1 Perpen3ictAtr 
to BD; then vvill the -<;^ t^ on each fide of 
it ftrfz- ^ £ilC and x-ii ^C; be Right- 
Angles. 

anbeceiofe^i;^ ct ^SSpo^K^^^^*^^'* to TT&^o^^ 4«^: 

ConfcquentlyJ i^;: C 4- x i? = i K C+ ^ fi, P^'^ -^^Jf ^ '5; 
SuhfiraSl L^^Cftom both Sides of jhe M^^iiOtm^ ^d it Will 
leave '^ JB= -^ X)> per ^xzVw 2. Q. E. Ia 

C^oUarj. • ' \ 

i^rom. tence it follows, tfeaf the? Three 4^gles of an EquiUte^ 
rd Triangle are Equal one to another. 

T HpOR EM yil. 

h every fUln Triangle, ihe tongeft Side fuhtends the QreAteft 

Anfk. (18. e.\.) ' , . ^ . , , w« 1. 

Conjequenily, the Greateji Angle of any platn Triangle- is ful^ 
iendei hf the Longeft Side. 

This Theorem is evident by Infpeaion only : For, let one of 
\ th^ Sides of any flain Triangle (as C B) ^ r 

be produced, fuppofe to E\ joyn T> E 
with 1, Right-line \ Then /tis evident, 
thac bccaufe C £ is now inade longer than 
the Side J5 C, therefore the -^ at Z) is 
become Urger than it was before by the / 

^BDE: And it's plain, the longer the / y^^'' 

Side CE had been made, the -s; at D /.,,'' 
would have been the more enbrg'd. . j*.* 
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THRORBM VW. 

IffitSdes Vi fp^Tna^^ ^^ ^ 
Iboje Equal Sid0S will U . 

The TfuA of Als 7»r«r«*f i? evident by d|e TW ihckiM 
Triaf;g!es ki the 6th Tbeoremy for they have their re&eaive SUd 
equal, wz. B C = C DyBA=aJj9tiiCAcomtooa »IkA 
Triangle $. And it is there prpv'd, That the x;; opfo&€ to tlioi 
Equal ^d68^ are Equal, C|^. Wl|Ach ttcMi ho furAnr A^^ 

Note, TbaConverfi ^ t&sTi^o^ea^Mas notume.; J^ tf^ 
An^s of tw(K IHanghi may he equd^ ani their offiofye. ft ^ 
Unding Sides unequai.\ as will affear at Theoreip XlL 

Corollary. 

Hence it follows, diat Triangles mtuaUy Equilateral wie^s^ 
mutually Equiangular^, apd. 

That Triangles tmfuatly EjuilateraJ are cqga^ qfic.to ano^bei^ 
(4.& 26. ^. I.) 

T H E ORE M IX. 

^» Angle at the Centre of any Circle^ is always dmlle to the An2 
de V the Periphery, when hotb the Angles fland upon the 



fame Arsb* 
or Cafes. 



(20, e. 3.) This Tbemtn Hitb TlMe Vare&les 



Cafe 1. Let the Diameter D A, and 
%.Line,D^, be the two Lines wWch 
form the '^ at the Periphery; Draw 
iher/f^/«fi B.C, then ^BCA is the 
V^ at the Centre. 

But ^ iBCii r= T;;Z) + ^i?, per r;^. $• 
And becaufe DC =:BCy therefore ^^ 
D =i ^ Bj V^t Theorem 6. Cpnfe- 
quently ^BCA=2^Dm 

Cafe 2. Suppofe the '^ JB C F at 
Ac Centre to be wichin the "^ £ Z) F 







^,%.*»-'«..,^ 



i^. 



at the Periphery, ^(as in the annexed riLr-'-''''^^7r^<c!^ 
Figr^re.) Draw the Diameter Z) ^; x>52^:::;:;^^^^|^^ 



Then the -^BCA^z^BDA Lr>^^r^n> » 
And the ^FCA^2^FDAr^^'^^f'^' 
Add tbefe two Equations together. 



Tbea 



rap.3- 
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then wm ^BC'A-f^FCA—2^Wn^2^FQAitetAx.i' 
But r; jB C^ + T^-FC^ == K JBCF 
And 2^ jBD i<+ 2 ^ ^^-< = 2 -^^ iS Z) F 

Cafe 2. Again, fuppofe the '^ SCf" j..- ^ 

•t die Centre to be out of the -^ jB D F 
p tite Fcrii^Mry: From tbe Angula* : 
^kA D at the Periphery draw tbe 
Diameter D A. 

ptkpitei this laft Mguation ftom &e 

other, and it ttifl leave „^ ^ 

hit^FCA~^^ECA=^FCS. An(*2>-5;F^^-.ax^fi^ 
a^iFD^B: Coqftqucadif!^FC£a5a-^FZ)-B, Q.E.D- 

'"« • 
Hence Vis evident. That all Angles at the Periphery, which 
fland on the 6me Segment or Arch <rf" a Qrde, or upon equal 
A#js, arc equal one to another. • (21, *. 3.) 

THEOREM X. 

AaA»gIei»aSmfeirtieiskM'git'aH^. (jt-^?-) ' 

That b, Ifibe Diameter of any Circle he the Side of a TKJafdff^ 
' and the An^e oppofte to that Side he an^ where m the Cu- 
- i^tFerifh^, itwillhea^ght-x^le^ 

iD^monllrattMf. 

Let Di* be the Diameter j iniDBA 
thcTrian^e, then ->;; 5 = 90**. Draw 
the Radius B C, then is the ^DSA 

For yzCBD==^D,inA ^CbA 

= "^ -4, fttTbeorexn 6. 
Therefore ^ D B A ~ ^C B i> -{: 

■\.C BAf per Axiom 5. 
Again ^l> B A + ^D-\- ^A::=: l8p°, jjet Tlteorem. 4, 
Cs»Mi?«J?i\tly, s:,D^A:;;^9o'iotim^t^S. Q,E.p. 
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Corollaries, 

1. Hence it will be eaiyto conceive, that an Angle madeinifly , 
iSegment leis than a Semidr^ will be d7^f c^, or greater than a 
Right-angle, 

2. And an Angle made in any Segment greater.tfaan a Seoucis;; 
cle^ mufi confequendy be jifute. 

THEOREM XI. 

I» any BjgbUangled Tri angle j the Square 'vohicb is made of tie! 
tiypoihenuftj or Side fubtending fbe Rigbt^anglej is egud to 
hoik fbe Squares wkub are made of ibe Sides including tbe 
I(fgbt'a?7gJe. (47. £?. I.) 

There arc fcveral ways of demonftrating this Noble and Ufefbl 
Tbeorem, but, I prefume, none more eaiy to be underftood by a 
Learner than that %vhich I (hall here propoie : And, in ordec 
thcte^o, iwill tc pccZflary to premife the following Lemmas. 

Lemma i. 

A Right line is faid to be Multiply dvfitli a Rigbt'line^ whett 
either a Square^ or other Rigjji^ang^ed Parallelogram^ is made of 
the Two Lines. ^ 

That is, the /Irea of any Kigbt*an^led Parallelo^am is equal 
to the ProduBt of thafe Ntmbers which exprefs the Meafare of 
iu Sides.' 



cLj 



B 



Thus, if A B =1^6 Inches, 
And AC = 3 Inches; 
Then -4 J5X ><C=6 X 3= 18 

Square Inches ; which is the 
Area of th^ Parallelogram AB C D» 

ILemma a. . . 

\i a Right-line be any way cut into fwo ParUj the Square of 
the whole Line will be Equal to the Squares of each Part; and a 
double ReSlav^le or Parallelogram made of both the Patrts, C4. e. 2.) 

That is, if the Line S be cut into the c 

Two Parrs J5 and C, - -^ i 3^, — -^ 

Then is S=z 5 + C ; but if both the S?des ^ * ^ 

of i!;e Equation be.invok'd, it will he SSB ==: 5 =3: Z.^C-i^CC^ 



^ 
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iLemnta 3 

The 4rM of every Sight-a^ighfd TruugU is half tbe PardOei 
/»/•«« made of its BafeanfPerpo^lw. 

For A e = the ^rw of the whole Pard- j 1? . -^1 
i>fo«f«w,bythefirft2>iw«. AndA^(^« j*^ ^ 
-HAj/Hssthef/wa/ZJ/eigr^jbut-B^** I^^ g 

Thetefoie^BC= the ^^''ofwdi A»»^ '^l}??,^*?" 
Thefe Thimp being premifed, let us fup^e rite Tnangic 



; Things being premuea, w *»» r*^^7 pr -•- v;b~- 
2JCHtobeaf^/&*wal/i?rri-««fe, ^'X; the Side Cpcrpen^CTK 
cubrtotheSide^j thenwillBB + CCssHW. 






K 
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Make a Sja*'* vibofc Sid^ 
is = B -+- C, and draw |he 
included Scuart. whofe Side 
is = /3, as in the Scheme; 
Then will litsArea of die^Mf 
$>^uare be equal to the Area 
ot the Four friaftgles + H J5f j 
but tbe Jrea of each A = * 
BC, per Z>»»»M ?• Therefore 
the 4 A's s= J BC X4.= */f' 
Confequently, the Jrea ot the 
great Square isHH+'Z^^^ 
Involve B + C, and k wJI 
be B B 4- 2jBC4-CC=rthe :.,..„..,..,...«.•. 

^r^-tf of tie great ^ari? ; pel 

Subftiaia 2 B C fiom both Sides of the EyMtony and th^ will 
HfmaittBB^BB'^CC 

To illuftrate this TA^orm by i\^« Jw-f , let us 

iSuppofe r=3. 'b = 4. and ^=$. 
ThenwillCC=9. BB=ni6. _ wd H^=25. 
Copfequently, B B + C q =flH = 16 + 9= 25^ 

CmfeSary. 

From this admirable TiB^orw (f^^^'tjj Pfi J»''i^M 
f^ythagOrtsV' is deduced the Method of adduis ana (u^>ftra£b.ng 
Sqiafcs, PMs(^dgrt»s> Circks^j ^» THE 0- 




THEOREM Xn. 

Hi any I^U^nnglfd Ikuutgte^ a f^ffmHoAar tehg let faS 
ffm ihe RjghPan^e Mf$m the J^paik^mrfe^ wSl dimh % 
Triangle into itvo ftigfrt-aHgUd ffiafggtn^ wlHeb wiH itr iw 
Similar (or aUte) t^ Hfe jfafi Triamie^ W tf* *^aft lifter* 

Nocc, jgl fltnft Piaagles grt fad ^ ie Simhat (mm, g^t^} 
v)ben eafk finffe Anf^e m. 0»r 0/ ibe TkitMlis is e^^ 

Angle f &f pf$e iBrim^if are epal ttk fwoJhffxr Aft/^aa^ 
ibe Qtbety ibe ibira Angk will he e^uaf. Per Theo^i* 

t. In the B-ighNanglcd A B AC^ 
ht A P he bppoka Perpendicubt 
to the Uypothtfnufe B C j Thea 

Vos^B AP'+^ BrrpO^ 
And ^ JJ+-^C = po^ pet Co- 
roBatyto Tk^errm 4. 

Tht^ttfof^xhQ^BAPz=z^€. TttAxim'i. 
Again, -s; P^A Cr^ t; Csapo^, and ^ B + ^ C= 90^. 
"yhcrefbre ^PAC:=z ^B^ 8oCs. Confcqucntfy die A B A F- 
is alike to. the A aCP-^ andeachisal&etathewhde AJS^C 

2u Or if a Kight'lme be drawn (^^cs^el t0 one of chq^ Sides 
cf any tiain Tri^gle^ (viz. with- 
in it) le will cut off a Trianglef 4^ 
fioi^ar or alike to the whole Trian-^ ^T \ 
gfc. Thus, y^ \ 

In the A -rf JM> draw the HJg&^ JM. ,.....>\ 

Vne ah patalfel td the Side ^'f; >^ \ 

Tlicn will th^ Jiicluded t^aDhht A^^^^ .,, , ,... ft g 

Jikethe A W|>B; For ^ /i = ^^, tnd t;:*^^B, per Tbe^ 
pran 33 and '^ Z) is common to both the Triangles 5 jp^o, &• 

THEOREM 3011. 

Jf two J3riaf;gks are alike, ibeir Hke Sides will he froportionat 

That is, thiofe Sides which fubtend th^ equal Angles, as aUa 
tlMl^ Sidts whiGh Ve i&«^ the equal Ai^gles, ivili be frofiortifh 
r^ io 4^<?\ o^her \ aivi confequi^ntlf, if any two Jiiav^s have 
Uic;r Sides nroporUORa^ t;h^t A*i^es a^^.equal^ (4, 5, 6, 7^ #. 6) 
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. Let t^« SmJf TftOf^es ia tbeSr^^47« of the h& Tbe<^rm be 
fiexe proposal ann. 

Thea it wai W B f : ^ p :: ^P rCP:^ According to ttAi 

)3>emonfiratioii. 

Let us fiippoie die aforefaid Hfght-avgled AB AC cat thcou^ 
the, Pei^^iwicukc A f, and j^ ^ 

&icxe c^po^d until theSidcj S-^ ^- ......,...; ^<j 

El C^ beooine tsx^ Rigbf^-Une. 
t the Sidcj « ? and CjP be 
continued until they meet in E ; 
then coQipleat the Parallelograms 
by diampg the parallel linea 
GLQiHAP^Gmi and LAPy 
z:&mni<t\FiguU^ 

ttien ; it is evident, that the A B H^ = A B P A^ and t^ 
ii^C£^=ACi:>4f,aI(b that the A jBJSC=abGC; be. 
caufe all'their refpeaive Sides.are £^2^. 

Bi«theA»»-^+ACZX-f.CSHG£^= A»i^i€ 
4j A.9 P:^-f: a APEP^ Now, if ficom. bothSwM of thit 
Mquaton there be fubftraded die equal 7H^«j^i<'x^ there' «7]11y«- 
maw nGLA^BPy^Op, zvA UAP EP — aP%AP. 
Confequently BP : A P : i APiG P^ Which was to be provU 

Ov oduttwtfef^ Iters: 

Sii|pde.t]»eA.B^C to^be. 
Rigbt^^d at ^ ;. upon, the 
X Poixtt C^ widi the. Radius 
C^^ defqribe a CuBck^and^xion- 
tinpc the ^y^otbemiji S C to 
^5 joya -^,-4 and, A C^ with 
JRighuUnes ; then will the 
A3-iD.be:likfttothe'A.-B^^v - 
Mt ^ Z),^.tt ^^ -^ B^^,C = 5^0.^ hji^fim^iw. 
And x::2f^C+^ D^Cs»JK>^ bfTAm^mX, 

SuhfircSl. ^ Z)<.XC fiom both Sides of the Mmtioni and there 
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Iqr Theorem 6. And ^ 5 is common to both Triangles* 
Therefore 'r:BDA = r::B4Zy by Tbeorem6. 
Confequenfly a B ^ Z) is like to A B Z i^. 

CjB^zri 7 r Then W + <f — i&|p, by Theorem \v\ 
Let the S/i^x <BC;=:i& C^ Coofequendy i J =r W — rr, 

CCilnriri c which gives the following Analogy, 
YiL.h.b + ciib^t:ti That is, BAil^ZiiB tiiBAA 
: Q.E.IX| 

Corollaries* 

. 1. kencc it is evident, that trt ^vlf Higbt-axgUd Trfa^gley a| 
Perpendicular being let 611 from the ^gbt-angle upon the Bfp^l 
tbenupy will be a Mean propcMtional between the Segments ''^ 
AtHjfotbenufe. That is^ bPxP A::F A :P Q 

2. The Bafc (BA) is a Mean 
Proportional between th^Hypofbe'* 
nuje (B C) and that Segnent of the 
ffypotbenufe next to dhe Bafe, (viz. 
BP) that is, JBC: BAiiBA : 5/*. 







J. The Cit*^f»f (^y<C^ is a Mean 
Proportional between the Hypofbenufe (B C) and that Segmenf 
t>f the Hjpotbenufe next to the Caibetus. (viz- F C> : That is, 
BC:ACr:AC:PC. 



8 



ScboHum. 

I have been more la]|;e upon this mofl excellent Ti&^or^ in 
;iving a double Demonflration ot it, becauie 'tis fo Vniveffally 
/feful in all Parts of the Mafbematicks : For the Bofihefs otTri- 
gpnomeiry (hotb Plain and Sfberied) wholly depends upon it ; 
and therefore one may truly fiy, xHxaX Aftrononn, Dyallingj Navi^a- 
iionj Surveyings OftickSj Sec depend upon a due Application ot ic. 
And of its ufe in Geometry, DeS'Cartes takes particular No- 
tice ; as you may find in Dr. pelt^ Algebra, f. 65, wfaofe Words 
are thcfe : . 

Des^Cartesi, in a Letter not yet printed, writes thus: ^In 
" fearching xht Solution of Geometrical Queftions, I always make 
*' ufe of Lines parallel and Perpendicular, as much as is pioiQble, 
**[i&^ mea^s as many tines as aate ufefiil'] and I confidcr no 
" other Theorems but' thrfe Two, Ithe Sides of like Triao- 
Vgles bave like Proportion}. And [w Re6tafrgJe Ti^inn^es 

''the 






phi 



vm 



^ the ?e¥^^ ^ ^k» ffmUfiSidft U eqtidiothi. ^arei tf ih& 
« ftoo other Sides."] And I. W Hot wskA to ftppofe mslny Un* 
^ kgQini^ Qmotiti^ t^ J ivay induce die propo^d Queffion k6 
« Ckh Terms^ as p. d^p^94 oa M Qther Theoxcms but tb^fe 

Ttep I ^bowgfet c^avem^m to jbfttt, that the pa^l^miff 

may fee, how "the Great Des-Cartes eflwwny thefe taroXhedi^ns^ 
inz. the laft, and Theorem ii 5 for, in truth, all the precedent 
Theorems arc only 0$ it Meed) Pr^rati«s'lo thefe Two* 

' This iaft Th^orerti diejihbriftrjfces the il6(afdifz of the Method nM 
fa finding out Frofortioml Lines ; as in the Three ^Idwing 
froblems. ^ ,....'. 

Ifteo Ri^tJKnes leiiiggiven^ ibfind a tMrd in Profdrthm ' 
to them, (iue.6.) 

JLet..tl?«fe»two iijwfi be J-^ 

&t.t)iev Tjmo giireri^ Zi«^i ac 

any Angle in the Point A, and 

produce the Line ^ B to C, 

making B C =!- AD;- pya 

thcPpiqts BD with ^ XighU 

line^ and draw C P Paralld 

^B 1) ; then will tb^ A ^ ^ O be like tije. A A CF- 

ThtteRirc A B : B C {^ A P) : : A D : D Fy which is the third 

Propbrfiofnai it(i\:iitd. 

PR'bBLEM n. 

Tim t(^'^bt'Ji»es heinggiven^ to. find a Mean Prdportidfial Ungi 
hefweeH them* C*3* ^* (>) 




Let the given Lines be X p ^ ;? "*;•,, 



4. 



,.*»' 
,.»** 



Joyn the Two given Lines into onfc, / 

Wk. make BCz=:B P + P C, and / ^.•*^*''' \\ 

tipon B C, as Diameter^ defcfibe a J^^*^^ ■■ > ■ '^^ 

Semicircle 5 then upon the Point i^, ' 

where die Two Lines meet, ereS, a Perpendicular to touch the 

Ss Cir- 



314 <i^lemeiitjS of (Bfeotnetrf. Part 







Circle's Feripberj^ zaP A^ and it %vill be the Mean Profariimd 
rcquir*dy viz. B P:AP::AF: pC. 

oy this Problem 'tis ealie to conceive how to make a SquaH 
equabto any riven Fardtlelogram. • (14. e. 6.) 

For if bP be the Leni^tby and P C the treadib of the given 
PardUhgram^ then will ^ /' be the Side of the ^quare^ eq^ in 
^^4 to that fatsUelogram. 

PROBLEM m* 

Three I^ghtJines lewg^veiiy to find a Fourib Profarfimal 
tine. (12* e. 6.) 



Suppofe the Three Lines 

Upon the bngeft Line ^sTet 
off the next longcft Line A D ; 
viz. make DB^= AJS -^ AD; 
then upon the Point D fct the 
other Line Dti 2t any A^gle^ either RigbtotOVimey and draw 
. the Right'ltne A C^ continuing it a fufficient lei^ ; make B p 
Parallel to Z) C, and it will be the Fourth Profwtimd teqoir'd; 
tiMi^fADiDC.iABiBF. 

THEOREM XIV. 

tf any Angle of a plain Triangle ie hifeSed (vi& divided info 
two equal Anf^es) witb a Rigbi^line^ (viz. as CA isjuftoid 
fc do the Angle B C.D) it wtllcut the oppofiteSide (vii BD) 

' in proportion to the other two Sides oftpe Triangle. (3. e. 6^ 

SDmionSratt^n. 

Produce tU Side D C, until . z 
C ^ ir= CB : joyn tjic Points 2 « 
with a Right-line^ and draw the 
Line FC parallel tOjBD^ then, 
will A rZF be like to 
J^DCa. 

For ^ Z C F — ^ D and -^ Z 
is common to both Triangles^ con- 
fequendy 7:: Z FCsi^C AD 
nndFC — BA. 
Therefore J5i« (=; FC):JSC(zz Z C) : : ADiCD. Q.E.a 

TttEO- 




SSapT 
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Of nffrnttttfi 



T H E OR EM XV. 

^ two Rigtff 'lines (biwfoever drawn) within /i Circle do cut 
each other J tbeReStangle made of the Segments (or Paris) of 
ibe one tine^ will he equal to the keEiangle made of the Seg- 
ments (or Parts) of the other Line. (3^. e. 3.) 
That is, if two Lines (as A B and C D) do cut each other in 

toy Point, as at jif, then wiU .r4 ;» ^ 5 4w =fi ^ X C -1^' 

' C 

jaDtmbnftratioH. -* 

Joyn the Points AC and J5Z) with 
KigbtMneSy then will the A C.^ ^ 
be Jikcto /iiS^f D: For '^ i? = ^ ^ 
iiid ^ ^ = xq Z). By Corollary to 
Tiieorem 9. 

And^AxC^-^JixD. By Theorem 2. 
Therefore it mil be ^ x : D * : iCx : Bx. By Theorem 15. 
Confeqa^;4*XB^ = ^^XCJv/ Q.E.aj 

T H E O R E M XVI. 

ffffVoRi^-JinesioreifodrawnvHthin /» Circle, as.y Mngeouii^ 
nued^ ibe J mil meet in a Point out of the Circle*^ Peripbny^:. 
the ReQoMgle made of the one whole Line^ and its Part out of 
the Circle, will he Equal to the ReSangle of the other whole 
gjne^ and its Part out of the Circle. (36, 57. e. 




3-) 




That is, if the Lines A C and ^ 
D JB be continued uni;o the' 
^ntZ; 
Then will AZy^CZ-DZ^iBZ. 

Draw the Lines A 3 andCi), 
thpn will A CZD be" like to 
^cl^^ZAifoi^Ass^D, * ' 

axid '^ Z is common to both Triangles. Conftquently, 

^A B Z =-^DCZy by Theorem 4r ,_ ^^ ^ 

Therefore y4Z:jBZ J :DZ:CZ. Srgi>yAZ)(CZczD^KBZ^^ 

THEOREM XVII, 

IfJ^om any An^e of a flain Trian^e infiriVdin a Circle fAffV 
he let fall a Perfend^ulat upon the ofpofite S*, (as D P) 



w^ 



•"T'-ni 





3'i<5 <|gfemettisf of <5Wtetrt. i^t^ 

as ibat Perpendicular is in fropofiioi^ to one of tbe^ Sides i»- 
cludin^ the Angle y fo is tb^ other Side includi?i8 the 4nde \% 

tb^mmeterSftyOxdt. ^ ' ^ 

jBpciitiiiifttdtioif^' 

Let B C D be the proposed Tri^n^e^ 
From the ^at Z) draw the Diai9e.cer 
HA ; Then wUl t;; ^ = -^ £,bccaiic 
they botbfland upon the fame Arch Z> Cy 
and x:DCA^=i 90**, by Theorem lo. 
Coitfcquendy the ^ ^ D Csi:^ B D i*, 
hf Theorem /^. 

Therefore A D C A is Kke to the 
A D P B ; and therefore, 
Z)f ;P«;;PC:Dwi; or, Di'iD C:: Z>B: A -4. Q.E.IX 

THEOREM KVnt 

•^ «»y Ciuadrangfe (that is, A Trapezium) ie inJcriP4^HhiH A 
Circle, the two offofite Andes, taken togjetb^r, are Eptal to, 
two Higbt^anj^Sy viz. 180 . (22. e. i^J 
That IS, in the Qfuidr angle ^ J5 C Z) th^ ^ 4 -f '^ Q:ixii^^, 

And tb« ^ B^- ^ Z):±= i8c^, 

Draw the Thm Diagonak A C, and 
BD\ then will the ^ BDA^^BQA^ 
and the t;: B C ^ — n; jB -/< <r. 

By CorOlhry to Theorem 9. 
But x>^BC-f x.BC^-i-^£^C=:i8o^ 

By Theorem 4. 

And the x-BD-4+^ i? fl C 5= ^ -^J9C. Therefore tb& 
^ABC-^-^ADC^iSo^. 

And by the lame Way of Arguing if may be prov d, tl^it tlhc 
^B^Z) + -s; BCZ)=iSo9. q. E.D. 

- \^- : THEOREM XDC 

J^ in nny Quadrangle injcrih'd within a Circle there ie dnmn^ 
two Diagonals, as AC and B D, the ReBan^e made af the. 
two Diagonals will Ve Equal to hothtbe ReRangles madeqftbe^ 
ofPoftte Sides of the Quadra?i^e, 
. Thiih, AC%BD^AB%CD^AI>%BC. 

SDcmoNf 




>9i« 



■^iM^ 



oiimmm^L 



^ 




Nlake the Arch D Q = Arch B C, 
nd firoiQ the Vouits A G ^w the Jone 
ry; and it will form the A A/Dj like 
dl tli6 A w(4 jBC: FW the -si f.A Ocss-.. 
sz BAC^ bccaufb theAicbei DQ and- 
^Care Equal \- 

Agaiii, the "^/Z) ^ = '"s; £ C^, be-. 
;^ifeche]tbothiRand u|>ca die Arch ^ £ : 
CkJnfequrotly, the -;; i</D =s^ ^ jB C, 

by Theorem^ ^ « t :-» - 

yherefoie it willbe ^i C : £ C: : -4 D. ; D/i by Ti&^orifOT 15. 

A6ain,the^ 3^/afid A ^ ^ ^ arlifl&d: TPj>t^»^^: 

And the ^CAf is common to bcJdl Jl-ilaagfej. Conrcqdfcri% 
die ^ ^/£ =s5 -^ -4 i> C , , 

Therefore AC'.Cb: iA B i B/, by Theorem, 13. 

j^ £^2Li£« « j^f. But D/ 4- ^^5 ^^\ .^ '. '- 

0*ifequcmly, ^a C X ^ © f c:i> X ^ »^.» D^X ^^J 



T 



Q<£.iP^. 



THEOREM XX,- 



^ Par^J^ms (wbetber Rif^ or Ohlique-m^ed) ihatftatid 
vfottrtbe fam'RsSb, <u> uffin efual BikA, avdjietwixt ihtifme 
parallel Si are equd to one'aaoth^' (^5 ^ 3^* **• ^'X 
That i», ca 4 B C D = a « J CD. 

Becaufe A B = CDs*s4 *.by Supposition, thetefoM 
for £ a is comjnon to both. And be- 
caufe A C=: 5 rf, and die '^ ^ -.'<C B, 
therefore the A -< C « — A £ Z> * ; 
And if ftom both Triangles there be. 
taken the A ^ X « common to both, 
there will remain the Trapexttii^, 




3»8 



gaemctifg of <Peometrp. Pare 




A^iirapgxium a^ X D + A CMl>Z9QakCD, 

CcrMpy. 

Hence^CwillbeeafyCocaooehFe, that aUlriii^&xwbidi Hand 
upOQ the fime Bafic, or iqxm equal Baies, aiid between die fim^ 
Farads, (viz* having the fa$ne Hefgbtb) are Equal cmib to ano-] 
tber. (57&38. r. I.J ^ 

For ui Triangles are die Halfs of dieir CiiCDmfcribiog Parol* 
hhgramsi and theiefore, if die Wholes be Equal, dieir Hal& 
«^ai£) be Equal. 

THEOREMXXL 

FaraOebvams (and cfffefi^lj^ Triangles) ^bicb have the 
pm Hmbtbr bAvg tb^ fame profwrtien me lo anotlfer 04 

tDenutiffmttoti. 

Draw A FVmMto B G, and draw 
'A B, CD* F G Perpendiculars to theih. 
Tben win BD,x^ ^ «C3 -^ *CD. 
And becaufe C D ^ AB, dier^ore 
KG%AB^GpCDFGj But 
mDtl>G::Bl>>iABtt)G%AB. ^ ^ 
Aildooiifeqnemly AABD:ACDG::BD:DGy&c. 

^ Q.E.IX 

THEOREM XXH, 

tike Trioff^es dre in duplicate Rario $6 that of their hia^hgtms 
Sides. {19. e. 6.) 

Thiatis, The Arens of like Triangles are in I^oportiqjf on^ 
to anbther as are the Sfuares of dieir }S;e Side^^ 

S^^monSrattoit 




Suppofi^ the ABCJ> and 
ticdtohe, aUke^ and their 
like Sides to be'tHoft 0^rk.U 
vid^ th^ fiine L^ttcrsV ^ 




P^P'3- 



ofd^eo^etwei. 



31P 



Conieq. 
3-1 



5 Henoe 



Jf and«beBerpendicalaistothetwo&iiesDani<£ . 

D : ^ : : y^ : ii 

\J>t>da'=z\'DdiA. ZfAximj^i 
VV:dd::^DA:ida. And fo for other Sidei; 
_ ^ Q. E.a 

THEOREM XXm. 

fn every OUufe-^angUd Triangle (as BCD) the Square of f Iff 
Side fuhtendingibe Ohtuje Angle (as D) is greater than the 
Sauares of the other fwo Sides (B and C) ij a double RtSlan* 
g^ made cut of one of the Sides (as B) and the Segf^ehf or 
JPart of that Side produced^ (as a) until it meet with the 
^erfendicuhr (P) let fall upon it. (l2.^. 2.) 

That is, DD = BB +.CC+ 2B 4. 



Pirft 

And 

1 — 2 

1 +CC 



jaoemonffration. 

DD ^ PP + <M + 2Ba ^ BB 

CC^PP^aa 

Dl> --^CC— 2Ba + BB 

DD = BB+CC+ 2JB^ 




Q.E.D. 

Corollary.' 

Hence *tk evident, that if the Sides of any OHufe^angled Trt* 
angle arc given, the Segment (a) of the Side produced (or the 
Pcrpendicu&r, P) may be cafily round. 2. /2 . 

THEOREM XXIV- 

If a Perpendicular (as P) he let fall in any Ame^ngjed Triangle 
(as B CD), th^ Square of either of the Two Sia^s (as D) is 
lefs than the Squares of the other Side, and that Side upon 
vibich the Perpendicular//^//^ (viz. C and B) hy a double RetU 
angle made of the Side By and that Segment or Fart of H 
{m d) which lies next to the Side C. (13. e. 2.) 



That is, DD + 2i?/« = JBJS + CC 



l^emom 
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i 



Firft 

And 

Bat 

^ ©• 2 

4 — aa 

5, - 6 



BB — 2B4 + ^^ = ^^« 




Q.EB 



.Hence it folb^vsj tl^ifeif the Sides of ^ Ari^^k4 Tri^ 
j;?^ be kpQwn, the Pcrpe^qdicvJ^r -P, 2U3d.tbe ^egoientsof thcSyi 
whereon it falU (Tvf^. a e) may be eafily fow}^ "^ 



■ . LI 



C H A R IV. 

lie ^Cltttion oj Several kafy ^JoMemS m Plain Geometrj^ 
wherehy the Learner may (in part) perceive the Applicdtia 
er Vfi of the ^foregoing Theorem • 

NOTE, When a line^ or the Si^e of an^ plain T^ia^e, is 
nny way cut in Two (or more) PnrtSy either hy a PerfenS* 
eularlJne let fdl upon ity or oth^^ife^ fh^ Part 4 are afitalif 
edtd Segments ; imi Jo much as one of thofe Parts is Longety 
than the other ^ is calvd the Difference of the Segments. 

And when any Side of a TSrie^^y or any Segment of its Side is 
given, 'tis ufuaily mark'd with afmall Line crafs it, thus — | — 
and thofe Sides, or Paris of Sides, that arejoi^bt, are marU 
-^ihfonr Points, fhus -^-f^ 

PROBLEM L 

to cut or divide a given ^ight-tine (as S) intb Extteam 4W 
fliean Proportion.' (xi. e. 2.) 

That is, to divide a lane fo, that the S(ffiare o( the greyer 
Segment (or Part) 4, mj be Equal to the j&eSangfe ipa4e of the 
^jyhple Liue 5, and th^ l^er Segmemt <?. 

rizAt\Se ±;,ad, by the ProUem, ' " ' ^ .a | e ' 



iktJ\ ' •".' ' ' ' ' ' "^'"^■•i ' ftj T * "' 



^ap. 4. Of sikuMH l^txMgm 



■ Mi 



ft and ^ 
-». X ^ 

. iblved 



Sf 5 

4 



ad 

4 != ,jf SSi";&5 1 ; & . Sec f ^jge i 1^^, ig& y . 



Note, The h/VtdblSmrafyia h iri^^ 
«r Geomeiricallj it nuy he ferf^rwfd^ thus : 

S. l^ea8quaie^whofeSid€i8 = 5tfaegi)reaLifie,i^ 
me of its Sides in the mid&, is * 
t C; upon die Point (7 ddcribefucb 
i Semicipde as will pds througji thi , ^., . ^ 
Iniioreft Points of the Square^ and / .;.i:** ^ 
XMDDlcat its Diatmeter. f..-^ [; ^ 



.,»»!i;..\ 






2. Then will ettherPirt oE lihe Diatneter, oi each End of cfae 
^i€ Sj Ik ^aj Alt gre^tftr segment fcfof^ 

B^^, 4,^+5 ^=S^ Which was'p be done, , ; 



PROBtE M n. 

OTjf R^ftWff^g/f^J^^^^ ^^^ fhepipre^ce li^ 
tween the HyjjibeniHeS^i/Cathccus *rf^^* |[Jt;wr, f^ yfffrf" tbe^ 
Caihctus, (8c* . V 



|^£# Bafe of 



And 
- Thoi 



I 

4 



4— «tf 



a — CtiXTieiui^yy&it 

>' i ii r f ^ ' -^^ — =^^ 



i* ^^ iW = rf^+ aid +1^ 

hh^=idi^ idiu A* before at the' 5th Step. 




Te 



He|e 



3[i> <glementg oF <ge^mfetry> Parting 



Mere youtee chat eichet Way raifes Uie fiune JE^im ; noAn 
is there any oonfiant Method or Road to be oMnv'd iif CMm 
Geometrical Prohlemsy but every one makes ufe of tudi Ways iu| 
Theorems as happen to come 6m into their Mind, the Reratbe* 
ing tttrj Way the £une, 

PROBLEM lit; 

Tk^ Diffirenee Ifetkveen the Baie and Hypothenufe of an^ JRi^ 
an^ed Trioffgle^ and the Difference hetween the Caliiecus ant 
ByfQltJ^mkeifff^totbgiven^ Tb find the Trian^^^ 



h^ { 

And 
Th<n{ 



4®- 2 



d^n^a'inihRHyfa. 



^^ 


^ 


. 


••v^^ 


•. 










^^^^* 


\ 


^^^'^ 


:•• 








^A^ 


5 






















»». 




. J^- 







d^^Tda-^^aa:::^ 
xn^^ixd-^-aa -^ee 

dd\7jdn^r2da^Vfa\nx'^aa:nXl Hyfotf^ennfe. 
dd\'2da 4- 2xa+nn'ir2aasf^jff'i'et 

Irhe two laft Steps flte Equal, by Theorem ii. Confequendf 
if tbofe Things tliat are Equal in both be taken 4\vay^ tbe Rcs 
maindcrs will bt Equal. By ilWd^ii ^ 

TThatis, 



10 mi 2 



I0Jrt4 5=2^Af.355|600 

12 d4^a = 72^jf mBafe. 
15 Af 4-/1=5 65=^ J**^ Catli€tus* 
I4 d + * + i? ±± 97 Tififi? Hypothenufe. 



Ii' PWW H tH 



PROBLEM IV. 

Tbf HypOthenufe, and tkf&mof tie efkfr ttao SiJts^ »/ m 
4li$bt-a>'S'ed Vrim^e^ teing^a, Tkeiut to put t»e fitfff, ' 



Ltt 

And 

By/*. 
4 — ? 



H=P7 

M — TAB 4- ^«^ -=2^^ — f $ 




h; 



cbap.4^ Qf^ |geC^t»ing |§?oblemg« 



■ 1 tp* 

3»1 



» -I- 7 

t — p 



a = ^±4^^E^=72 ra* Baft reffulfd, ■ 



PROBLEM V. 



rbe Hypothennfe, *»<* ibe'Hifference »/ *^ other two Sides'ef 
gun^bf^^g^e^ Triangle Mug gtvevj To find the Sides. , . 



Let 

Aivl 

3 — 4 
4- 5 

2 

7—2 



O tt» 



I 

2 

3 

4 

I 

I 

9 

10 



h:=z9y As before 
a — e — d^y Qucrc4 

2«f = &b "^ rf' 

aa^^ae\ ce zz2bb^ dd 
s4^essi^z hb--dd 

■72 







TT 



proble;m VK 

/^ Mf Rigbi^f^id THimgU, either thf Bafc, or Cathctte, W^ 
fbe Alurnaie Segment of the Hypothcnufe, (made hy a Fer^ 
ps^icular let fM from the Right ^ angle )heing^en, Tofind^ 
ibe otbet Segment. 



Let 

Then 

Again, 

6 ^ aa 
7, Cn 
8 iB» 2 



f=4$ 74r^Cathctus 
=: 48 TiE^ alccmatc Segm. 



hieiitta Qucrc j 

ha-:=.ei 

ic — tftf rr^if. By Theof. i u 




6 ha^cc -^aa 
7[aa-\-ta = ^^ 

io\a — ^ff 4- lbhi—\t^2j And fo on for f^ to. 






■yta 



lihall 



|i>4 (pfemjaftj^'oTliwwit^^ ~F^iig| 



VI 



-t... 



^kat •«••• 



wXi 



.?.«•« 



I ihall now Ihew the Gemefrkt^^inrJtruSiw^ (or S^&^j oC 
&e Thice Cafes of QiuAratUi Mf^i^^s vso/m'd i|» P4n0e 201 
Ij^thefidlE»impkU4hat'abott Ofei. 

Make the Ovcl&ient k^ and the /bo/ of the HefMe^ (wUdi 
k here) r, jpto a JUgbt^a^fed Pa^ 
TiJlelog^am. And upon the middle 
Point'^of the Side = h dcfcribc 
. filch a Setoictzde, a^ ^ -paft thro* 
tiie reraoteft Points or Angles of 
fht f^fUekgframj ()9rip)eatixig v^ 
Riameter, astntheaiipoex'd£r||viB^. 
Then mil either Part of the DtaqMet . on c^cfa £0^9^ ^ 1^ 
to 4 ^ the other Part w^l be ^ 4r if tnd the &4^< wi|^ & a 
ilA^z^r FropoffiMal between them^ ThacUy 4 ^_k*^**c:A. 

GpnfeqaeQtIy 44 -f* ^^ = ^« Which wa$ to be dooct ^ J 

PR ORLJEIM VH. J ; 

5f/Ar Difference hetwen the Ba& /»/ Ca^hctus- ojf 4m. gifjht^ 
Angled Trian^e^ and (jj^ PcrpC|idic4ai; W fallfmm ip0, Sigti- 
an^.e upon the Hypochenufe, being ^ven j Thence to Jfndllij^ 
Hypothenufc, Qc. " • .. - 



Let I 

Aadl 

QuerciT 

BfFig. 

5 k1 

6-^7 

« cd 
p tiff 2 
10 +p 



d=:i^ The Difference of the Sides 

f^~^ 

4 ss Ti^ Hypothenuie. 




d-i-ezpziaze -«• 

//-+• 2* -fr a^^ ss 41^ 9y Tbeprem i\. 



7 Tdb-^-ieess^fa 

8 dd = aa ^ Tfa Cafe 2. 
P,/ftf — 2fA + ^ == ^-hf^ = 1521.; 

lOiA — ^ « ^/d d'\^fp = 5^ 

1214 = ;> + s/dd^ ^^=: 75,gtf, for tf. itr5/^f 5- 

'■ ■ ■ ■' ■■ ' ■' > ■ ■' ' i'" 

The GeemetricaiConftruBhn of this Cafe a, viz. aa^2far=:dfi. 

may be pcrform'd in the very 

iame manner as the hjf Cafe ..••** ''-^ 

wa^; that is, by making a Righi;i /i ' r'\"-'\ 

angled Parallelogram of the Co- 
efficient 2p and the J dd^ viz. 
dy 8tc Aa iQ liie «ni2#xed F\. 



2P 



..*r2P 



a 







Ml 



Then wiU the Greater Part of the Diametot to one End of the 
ParaUelcjram be «i,: anfl-tbl £li^Pirtfi»« be a— af 

Fof « : d.i id: *«- <tf »Y Tbtorm !?• . : . - 

PJ^.OBLEM YHL . ^ 

ri^ Hypothenufeo/ MfitigH.M^^V'iafMe,a>atb*Vmah 
dicX Jet M from the iigbt^mtgU UptaOi^^ Hifpodi«ni<fc, fen 
in^giwH, n find the greater Seffnent <ftbe Hypothanuft, S*, 



Let 

And 
Then 

per Fig- 

4. ••• 

9 — '^ 

5. 6 
T X « 

9 Cq 



XI -Jplbhi 



ili&=75 Z-iorHypothennfe 

2^=56 

4 



aif'.if. K 
b'-'dzz* . 

aa^baz=:---ff 

aa 







ini]ttt«Qii» iwlorqiai Oaw.*IJig^ , .^^'-'lyv** y ;.."i 
7i*r (oPanf cbnjremeilt l«g|h.«;i|»- . ,«'•., • • *_ v*"»A 
fere) and near its middle etea a Per- ^/ >,^- U'^'| 

pendicojl^ cs fy vku of the fimc ; ", ' / Irj**. 

lewtb with the iCflrt of th.1 Refolvrnd- x j . .7'^ V ' bI t 

Fnom the-top Point ot uCTjat End of - ;jA";.^..,9, •-•' 

that Perpindicular, fet off hilf the ,. , " -^.' 

lengdlofti|$Co.elfidenc, MX. ib, anfl«ip«<AfcPanfivh«e^ ^ 
jaft touches the firfi Line, (nddithe i«n» Dtftaoae)!de{i:tiiM-a)i 
Semidide; dien will its Diameter A been* ty the Ffe^fieadicubt 
/> into two Segments, which are fh» imfo.Valiijsa.oi the RftoC^p 
m'z. the jtreater apd h£^ Soots, bxh t*«|t(^«^^. beiM2^4iU 
«raj8 Equal to the Cotetticient :. Mdf f/ig/t aAlX .'■■ • . 






1»m 



3»^ tttrotfmgof ^famtctrp Panr^- 



.. \ 



PROBLEM K. 

^dTriMgUy tutdiUkte^yrirts given, Tbencetofi/idfack 

* "^ * +JL=' ' = «34 The SwB of tfaeSriri. 
^=r^ The Afe<tz=2iua 



And 

8X4 
^ + 4 
I— > 

#» 10 

3 — 4 



24^ = 4^ 

«« •+• 2«f + <* =^j!H-44 

«« -t- 2«f 4- <r«s if •» 2ijr 4< ti 
J0r + 4^=*^~2<jr+jgr 
2*j=« — 4^=453^6 




^'IJ' = ^^== *'- T '^i^T'^^Hypdtheaifej 



«« — aw + w = jgf -, 44 = 49, 

«-'=V4P = 7 
2«mi?7-i.7 = t44 



II-IS I %6lt = r ty » 72 = <?5 Ti&g Catfattitt. 

--. '-. t»llOBI.EM X. 
Jir tu^Rl 




^ And 
To find 

Hi 



X 



'I**', a 



I 

5 

6 

7 
8 

P 
10 
iz 

i2 



«4-* = *=io8 

»+J' = «==72 
4,e,v,y,nif 



XX — at:^ ass j^ — . 2ji» 
dip:: fie '^ ' 







Chap. 4> 

trn 






»« X w 

X5 X<» 

x6ir 

Sobftitiite, 

Then 
so Gu 

2X M» 2 
22 "-r « 
k — 23 

pet 15 

2 A- 25 
23+25 



14 

»5 
16 
17 
18 

i? 

20 

21 
22 

i3 
24 

25 
26 
27 



«s= 



« —ita 



2zessi 






a 



M, 



^.^,. t 2««-f4*W 

TXSBtt'-'Utt + I 1 T^ 

... ^ 

zz« xs fxa — 2iAt -f- 2zxf -^ 4»a 
2«bi -\-xxa -)- 4ZM <-:" /.^ =s anit 

2*= "= 2t — i^ as XI4 

44 + 2*4 =: Ztf = J776 

44 4- 2^^ "tS;^^ ^* 4" >rir S= ttoi$ 
4 4- x=j/itJJFx5 = 105 
4 = •/^/+ yx : — * 3= 48 

jp = 45 = f J&^ Cathctus. 

4 + tf = 7S = the Hyfothenufc. 



PROBLEM XL , 

Tt^e Diffi^renf^oftbe Sides of mj OhliOUff^^^ledpIainU'Wigle^ 
fbeDiffermeoftb^Segme9iS0ffbeJlia&y mdtbejMerefM 
tefmen ibe gteoter Side md the BilL himjtivm^ Jb fhnf^ 
fkeMt,Uc^^ 

^ = the Dti&rence of the Segments asl 495 
ir«il65 the Diflfer^ of the gi^ter Sjk}^ ao4 ]^ 

4l4=etbeleaftSide 

5 <if+^ + /r=tbeBafe 



,.51 5 

And' ' 
Theij 

And 



6 

? 4-10 



7 

8 

10 
itJ 



By Theorem j6, 

«/H-^«+**=</«/-2</tf 

</ 4. 4 = 789 = %he gteatefl Side, 
rf 4- <« + * — 945 == *** Baft, 




PRO 



^29 . <g|^m^ ^^^M 

PROBLEMXn. 

of ffe Segments of t»e We,«w/*i»Perpen^cda»fcry«a^ 
tbeverUeti4f^y Hv ^ ^ vt n, newrt6fi>krMHf0Stan»^ 

Am! 
(l*iere 

Then 
SiibAitute 



8 

9 J* 3d 
But 

iO Qr 2 

i^%dd 



15 -fas 
17 CD 
%9 m 2 



tp^lVTO 



20 X 2 

2+21 

tOy Num. 
1 + 23 



4 4 = meli 



10 
xz 

12 



1 — zzne 



fp •+- Ai = r^ By TBewrem W 
XX 4- 2xta J^mhtga 



2X 



23 
24 



neaft5ifjpRf«f» 




'•^••*M»i***** 



^-23 =/^ + «* 



ti V ±* 



, = V;»4.«^-.«»:-.i*a=!22i 



2^ .= 450 



22U -f 2« = 94s ABf Baie. 



ff = 275 = flw kftrSidb 
V+»cs78og»»griawtSidc. 



iiii III! 



f R'OB'L^EM XIIL 

the Suwu^Oe two Sides i^mj flditWw^ ibtJ^^ml^ 
tJkStgtuiat */ti0 Baft, andtbefetttaixiikt ''*/'*''^JJj 



ii 



ap. 4. Of mUftfoim ^^?oblemg. ^gp 

f^trrticdlJagle upon fbe Ba&f ieingghetty TbeTtceiofindtHe 
Bafe and the Sides. 



Let 



\ 



Piit-{ 

Then 
And 

9 itt^ 2 

8 
ii± 

Suroofe 
Thcto 

X4-r2J 

I, J5 

16^ 2 

17 X w 

18 + 
I? 19 

20 -r 2^ 

^ 21, hence 

22 X 2 

2 4- 23 

I — 25 



I 
2 

3 
4 
5 
6 

7 

8 

9 

10 

II 

12 

13 

15 
i5 

17 
18 



20 
21 
22 



23 
24 

26 



^,= 1 1 $5 the %utn of the 5/i^j. 

i z=z 495 the Differeme of the Segments. 

f z= 200 the Perpendicular. 

a = the leaft Segment. 

e zzztht leaft SiV^« 

rf -|- 2^1 = the JS/?/^. 

f — 2f r=-thc Difference of the SrV/t'5, 



i : T;^ — 2e ; 



</-f- 2a 

da ^ pp -^ ee 

i/aa + pp=€ 

dd-^- 2da = s$^2se 

2se zssjs — dd — 2da 

2x = ^i — dd 

2ie =z 2x — 2^tf 

x^da 
e = 



x-^a 



s 




=V53+J? 



xx^ycia-yddaA _^^^^ 



_ 9^x -^ 2xda '\' ddaa^y:! ssaa + ^^Pp 
I9\ssaa ^^ ddaa + 2xda t::ixpc — ssfp . 
2xaa 4- 2J>cda ■=- xx — 4sfp 

aa-\-da = J# ~ i2£, gr. as btfpre. 



a = 225 

2a z=z 45d 

i/-|- 24 := P45 the^tf/l*. 

^ = 375 the Icffcr Side. 

J — tf = 780 the grciter Side. 



PROBLEM XIV. 

The Area of any Oblique-angled plain Triangle, the Difference 
0f the Sides J and the Difference of the Segments of the JBaff, 
leinggiveny Thence to find ihe Bafc, 8^-. 



1 1 1 ^ = 14x750 — the Area. 
U'z/ — 405 

4?5 ,, 






Put 



330 



dementd of <igeomctrr. 



Put{ 
Then 


4 

1 


VetFig. 
9 Q- 2 


7 
8 

9 

10. 


Per I^g. 


IX 


II ^ 2 


12 


6 X 2 


13 


t?-r« 


»4 


14 ©• 2 


15 


Per/^. 


16 


io-h44«/ 


17 


15, 17 


18 


i8X«« 


J9 


ipX4i« 


20 


81 + 


21 

22 


22 CD 


23 


33 tw 2 


24 


24+4^-/ 


25 


15 Ml 2 


26 




/Z 



J = the Perpendicular, 
a = the jB/i/>. 

4 : 1/ + 2^ : : ^ : * 

ba^dd-^- 2de 

ha — rfi - 2^^ 

hhaa — 2^i*4 + dddd::s. /^ddee 

tjZ^zz u the leffer Segqient of the B(ife. 

4 

T^r=2^ 

^=^ 

JO'- "3r _ 



+ 



4dJ aa ' -4. 
—7^ _4iMi < 



■^^ 



jhha*^ Tfldba} -^ d*aa = i6X.<<«fi/+ d!^ 

\—zddl>n\J^ddhlaa 

ita* — <tf4« 4- '^*^ — ttdhhaa s i6AAdd 

-<, f M Jt6AAdd ; T 

« = V:5^-/+V|^j+i-««/ = 5»45 



PR(V 



piap.4- Of 3ttefotowg j&?oMemg> ^ 331 

PROBLEM XV. 

There is an Ohliaue^gleif plain THangJe, wherein a Perpendi- 
cular is let fMftomibe Vertical Angle t^pon the Bzh; the 
leaft Side and the Bafe are given ; And the ReSangh of the 
r>ijference of the Sides into the leafi Side is Equal to the 
Square of the Difference of the Segments of the B»c : Tis r6* 
quird to find the Segments of the Bafe, ©r. 



Let 



And 

Put 

Then 

By Figure 



5 

7 

5 
lo 

9 

12 
13 



2 

8 

2 

C€ 

XI 
CC 

a 



14 + 2cca 
X^jixiNum. 



r r= 56 rr the leaft Side. 
B = 92 = the Bafe. 

^+2^=B 

J — the Difference of the ^det. 



I 

2 

3 

4 ^ 

5 cy -=iaa by the Queflion, 

6 
7 



8 
P 

10 
II 

12 
13 



Bia = 2ry+J!y 
2fjf = aa 

c^jfjf r= aaaa 
aaaa 



for B =s /I + 2f 




— H- 



Btfi— 2^ = 



4i/taa 

CC 



ccBa — 2c(aa:=zaaiut 

14'r^B «^ 2ff^==<I/I4 

^\aaa'\-2cca^=iCCB 
l6\aaa'\' 6272a c=z 268512 



Tlie ^4/0^ of 12, in this Mquation^ may be found as in cb« 
Ex^mi^es Page 2^8) viz. by putting r -4- ^ =: a, Ape. as in thofc 
Fiamplcs you wiU find a == 37,55502, &c, 

P R O B L EM XVI. 

Jrbe three Chwds or Subtenfes of three Arches comPJeating a 
Semicircle ieing each given^ Thence to find the Diameter qf 
ihatOkdt. That is, 

JtiJ Traperium leing infcriVd in a Semicircle, i/o«^ of its Sides 
ie the Diameter^ and the other three Sides te^iven^ Thence 
to find the Diamier^ or Fourth $ide. 

^ Uu2 Let 



J32 



€iement0 of <s^(mttxv- PaitnB 



Let< 



Quere 



' TJien 
And^ 

5 ©. 2 

6X7 
8, = P 

10 -r ^ 

12, iVt^lB. 



^=5 



2lr 
3 



= 3; 

— 4 ^the 3 Sides. 

a -— the Z)f(«a. foaglit. 




Draw the tvm Diagoaals 

(a~\- kJ z= ey By Theorem ip. 

"" r ^J = ^-J }By Ti&^orm lo and 11 



aa 



ccaa 4- 2Wr/i -f *^^</ = ^^J7 
p j aaaa — if ^^ — ^<rfiz^ -f: ^^dd^ = ^^vy 
J 10 1 aaaa — hhaa — ddaa z=: ccaa + 2haca 
. II \aaa — Ha — dda zzl cca + ihac 
I I2\aaa*'^ hba — dda — iccaz=z ibdc 
ll^l aaa — ^oa :=^ 120 



This JEquaiion being folv'd, as in Examfh 2, Page 240, Jfou 
will find 4 =s 8,0558 J, &c. 

PROBLEM XVn. 

In any RigbUa^igled Triangle^ the Area and the Sum of the Hy- 
potheniiTe, tjohen added to either Side yieingffvenj Tbencetq 
find the Sidesy Sec 



Suppofe 



I. X • 2 

VtvFig. 

2" — ^ 

8 ©- 2 
5 .©• 2 

ID -f /Z^ 



~ = ^ = 1 35C^ the Area. 

2 y ^ez=zsz=:i20 the 5«», Ac. 

3 I Quere ^, ^, and^ 

4 ! ^ = 2^4 
l\'2A 

5 ^ = -r 

6 rt^ + d'^^rjgr 

7 J'^^-^^^ 

2y^ 




8 

9 

10 

II 



4^ 
aa 



ee 



aa-^ ee -zzz 



AAA 
aa 



■aa, 



6i9y n 



Cp-fiap, 4. Of jgefoibtng j&?oMemg. 



333 



aa=:ss '•^ ^ — 
a 

aaa -= ssa —- 4/4 

ssa — aaa rr 45^ 

14400^2 — aaa = 6480CO 
The Value of /z, in this Mquation^ may be found as in the 
^liird Example, Page 241 ; that is, by making r-f-^ = ^, &c it 
^will be found that a =± 60. 



6, 9, II 
1:2, That is 

X5,iniVi^i0. 



12 



^ PROBLEM XVra. 

TTbere is an Ohlique^angled flain Triangle, wherein a Perpcndi- 

.cular is let fall frop^ the Vertical Angle ufon the Bafe 5 the 

Sum of each Segment of the Bafe, when added tolts adjacent 

or next Side, and the Area of the Triangle, are gtven^ to find 

, the Perpendicular, and each Side. 



Let 



{ 



And 
Then 



PerFg;.^ 



A = the Area 5= 141750 
a = the Perfendicular fought, 
y + e%la-A 



o ^^ -j- aa -=z nu 

1 ^ y 9 h = z^y 

2 _ e\lO uz=: s — e 

9 .&- 2Mi W ^rzz -r 2zy+jQr 

10 ®- 2I 12 |»2^ iz: jj — 2se — ^^ 
zz— 2zy z::iaa 
ss — 2se :=zaa 
zz-^ aa -:= 2zy 
ss^aaz=z 2se 
zz '^ aa :_^' 

2Z ' 

SS — 'aa 






13 

II 


15f 2Z 


17 


16 -r 2s 


18 



17 -riS IP 



2S , 

zz--^aa 

2Z 



2S 



Having found the Value of 4 
' from the a4th Step, e and v will 
* be eaftly found by thefe two 
> Steps, and .6 if by tlip 9th and 
'lothSc^ 



6yl9 



334 



(0[emetft0 of da^eomettj?. Pan HI. | 



6, 19' 

21 X ^ 

23, iVi//». 



Z£ 



7» '^ 2$ ~ a 



7X 



s a 



xzs — saa 4- xfs — zaa = 4- — 

zzsa — ' ioaa + ^sa — ZAitf = ^zAs 

poooootf — 4^w = 243000000 

Here ^r ss 900 found as in the laft Pr^hlem. 



PROBLEM XK. 

TJ&^^ is A RigJiUangled Triangle^ wherein a RigbfMine is draom 
farallel to the Carhetus ; there is giv^n the Cathetus, tbatSeg-, 
ment of the Hypothcnufe next to the Cathetus, and ike ahef' 
note Segmertt of the Bafe ; Thence to find the Bafe, Qc. 

>=r20* . ^ =: 24 . andi&=i5 
> -I- /I ss the Bafe. Quere a 

h + a:c ::a:e per Figure, 
4A'\*ee:=zbh ^Figure, 
ca 

ccaa ^ ^ 

hb'-*aa^=iee 

Ccaa 
ib^ TJha -\- aa 

ccaaszbbhh -^ihaa 4- ibhia — 2ba} + hbaa^^^ 
a^-^-lbaaa ^-ccaa+hhaa « bhaa-^2bbla — bbbt 
aaaa 4- 40^wa h 7514^ — 9000a sa 90006 



viz. Let 

Then 


I 

2 


Here 
And 


4 


3 


5 


5 ©• 2 


6 


^ — aa 


7 


6, 7 


8 


8X 

9:t. 

T^tis, 


9 
10 
II 




rr AJb — Al 



For a Solution of this M^uation^ let it be made 
Putr4.^ = 4 1^=9000 . C=90000 

Let/=slO 
^ Tbco 



.Chap. 4- Of laabteing f&joWemjef. 33 j 



Then 



r+iocx}o4- 4000^4- ^ooeey 

3-i- 40000 + 12000*^ 4- 1 200^^ C, ^ nnnnrt 

t — poooo — 9000^ . J ' 



That is, 1^5100 + 22020^ + 2%<^iee = poooo 

Hence it will be 22020^ + 2551^^ = 54900 

Confcquendx, 8,63^ + ^^ = 2 1,52 1=: D 

8,63-f^ 
Operation, 8,63) 21,52 (2,1 = ^ 
+ ^ = 2,1 20 

^^ Dipijar =10 1,52 Firftf=l0 

2» Divtfar = 10,7 1,07 + ^ = 2,1 

45 &c. r + ^ = 12,1 =r for ^ S<?. 
#0)7^ Oferathfij which being involv'd, and mulciply'd into die 
Vo^effictenfs, as before, will produce thefe Nmhers : 
4- 2id35,888i 4- 7086,24^ + 878,46^^^ 
4- 70862,4400 4- 17569,20*? -4- i452,oo^^f _ ^ 
+109953,9100 + 18174,20*? + 75i>oo^^C ~ * 
*-^i (^900,0000 — 9000 fioe 3 



f^z. 93352,2381 + 33829,64ef -+. 3081,^6^^ = 90000 . 
Hoc, becaufe 93352,2381 z^ 90000 Therefore 12,1 p^ n, 
»nd therefore it mult be mader ^ ir z=: /r, which will produce the 



fiune Numkersy onlf all the Second Sines muft be chang'd. 

Thus, 9;352,228i — 33829,64tf-*-3o8i,46*'tf =^90000 from 
whence will arife this Mqudtion, 

-+ 53829,64^ —308146^^ = 32552,2381 
Omfcqucndy, 10,9784^ *^eeas 1^8787332 = X> 
Oferaiion 10,9784) 1^8787332 (0^999 s^ 





— < 


■ =/>PJ>J> 


9792 






1. 


2>rtn/or 


10^ 


108675 


Laftr 


= 12.1 


2» 


/)hn/ar 


10,87? 


97911 


* — 


— Ofi999 


3* 


0n»/«r 


10^785 


1076x32 
979065 

&C. 


r — * 


=s l2fi!X3t =: * 






PROBLEM 


XX. 





J» f Af OUiMe-an^W Triangle CaD there is given the Side A D, 
east the ^ of the Sides A C-{-C D ; alfo vjithin thr Triav^e 
isgfoen the Line A B P$rfeniicular to the Side (j'A j Tb^>ice 
U find the ^deCAf Sec Let 



3?<J 



c^IementiS of ^^ometrp. Part ni. 



Let 



And 
Then 

V 

Soppofe 

Then 

And 

But 

6y 7 

8 V 

5 ®. 2 

Vtc.Fig. 

11 — a 

But 

12 — 13 

14 15 

x6 -^ a 

17+4 
P ©- 2 

18 e- 2 



18 



19 



6 

7 

8 

P 

10 
II 
12 

i? 
14 
15 
16 

17 
18 

IP 

20 



Ci<+Ci>=j=5i 

^Br=>=21 
O = a fought. 

,__4 = CZ) 



/■\ 




^DaeDF ~ B 

Par<ilUl to A B, and Cy< produced to F 
A C<4 B, and A CFZ) will be alike. 
iJG:Cy<::DC:CF 
fiC=:_VM^f^. Let^P'=f,andFD=jr 

sa — aa 



• = 4 -h ^ 



ss — 2sa -J- <jr« = n CD 

« - 2ta-{-aa—aa+2ae-^ee -^yy — Q Cf-J- Q isj) 

« — 2M = 2flr -f- ^«^ + J7 

dd — eeJ^jy— Q ^F-f □ FD 

is — isa •"dd^z 2ae 

Txr^ss — dd 

x — saz=ae 

ft — M , 

— — — ::= e 



= O^ + e 



X9C 



r ssA 



hh -^^ an 

TxsaA-Txaa-A-ssaa — 2itfM-tf4 ^ i 

aa " T^ 

jf / m — 2saaa -}- ^^ 

ih ■\- aa 
9C9C >— ^ 2xsa 4" 24e^ 4* jj/m — i s A^ ^f'.^^ r 



This Equation being brought out of the Fraciions, and ittfo 
Numbtrs^ will become 

~ 20i^aaaa 4- 125409 — 24$42^o^25tf4 4- 354^8307« 

— 274i83p22,2r5 . 

which being divided by 2018, the Qhefficiekt of the bighol 
Power ofa^ will bc—^+62,i4$6/i' — I22i,i25i«^z4"^7575>96974 

=135869,158875, &c. 

.And 
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And from hence the yaliie of a may be found, as in the Ldft 
^oklejn, due Regard being had to the Si^^i of eVery Term. 

This Woirk of Reduchgj or preparing J^quafiovs for a &&- 
^ioffby Divifon^ hath always I)een taught both by Ancimt and 
^bdern Writers of AlgehrjOy as a Work fo neceffary to be done, 
That they do not fo much as give a Hint at the Solutiduoi aixy 
tid/eSed Mquatioftvihiioiitiu 

Now it very often happens, that in i>widhg all the Ttrms 
3f an JEquationy fome of .t}ieir QUotieftts will not only i;un into 
a long Sertesy but alfo into imperfeft. rraSioMS, (as in this 
Equation above) which renders the Sciutian both tedlioai and- 
ImPerfeU. 

To remedy that hnferfeBion^ I Ihall here fiiew how th|g 
JEqtMXion (and Confequentlj any other) may be i^foWd with* 
out fuch Divipottj or RtfduSiion. ^ 

Let h = 2018. e — 1 254OP. d = 2464256,25 
/» 35468307. And fi = 274183922,25 

Then die ^f^^f </!?«* y3?5«/2/fo» will ftand thus^ 
— I^aaaa -f- caaa — daa ^/a = ^ 

iPut r-^ e z=a As before. 
r^ ..^ M *— ^hrrre . — Shrnfe = — ^i«» ^ 
Tliea will •J + T' + 'T^ +3^7^ =+'fC-a 
^+fr +fe =+A i 

This is jfcin and eafily conceived. The next thing will be; 
how to Eftunate the ,firA K^/tt^ of^; and to perform that, \tt 
Q be Divided by i, only fo far as to determine how many 
Plmes of whole Numbers there will be in the Quotient ; Con- 
l^entiy,^ trow many Points there muft be (according ioib^ 
Heig/lft of the Mquatidu.) 

Tkmt sss 2018) ^ = 274183922,25(130000 
2018 

7238 &c. 

•Novir fcoro hence one may ^s eafily guefs st tM Value of f-^ 
as if all the Terms bad been Divided. That i^, I fupgofe r — 10, 
whidi feeing Imold^ &c. as the Letters ixhove diretly will be 

X X *^20l£O00D 
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' — 2C180000— - 8072000^ — i2io8oc^^ •> 
4" 125409000 + 57622700^ + 5762270^^ C =G 
— 246+23025 — 49284605^ r- 2464230, 25^^ r 
+ ^54683070 + 3 5 468307^ 3 

Viz. 213489045 + I57344^2<f 4- 87239,75^^ = 274^839 &c- . 
Hence 15734402^ 4- 87239,75^^ = 60694877,25 
Confequently^ 180,3? ^ t*^ =1695,72 i=: I> 

Oferailon 180,3 ) 695,72 (3,7 = ^ 

^^= 3,7 549 
!• Piri/or == 183 146,72 Firft r = 10 

2. Dw/or = 184P 1 28,80 -f* ^ =2 3,7 

&c. r4-^= 13,7 *=^for a 

fecond Operation j with which you may proceed, as in the Lafl 
Prohlem^ and fo on to a Third Operation^ if Occaiion require 
fiich ExaSnels. But this may be fufficicnt to Ihevv the Method of 
Refolving any AdfeSled Mquatton^ without reducing it; which 
is not only very exaft, but alfo very ready in Praaioe, as4wiU 
fulFy appear in the laft Chapter of this Party concerning the 
Periphery and Area oi the Crcle^ Qc. wherein you will find 
a farther Improvement in xht Numerical Solution oi High /Equa- 
tions than hath hitherto been publilh'd. 



CHAP. V. 

Pra^ical ^}oUmn0, and UuU$ Jot finding the f^upttfUuX 
Content0, or ^Vta^B of Right-Und Figures. 

DEfore I proceed to the following P^^/^iKr^, it may be con- 
^ vcnient to acquaint^the Learner^ That' the Superficies or 
Area of any Figure^ whether it be t^btJin'd or Circuity is 
compos d or made up of Sja^r^/, eixh&i Greater^ ot LefSj accord, 
ing to the diSctent Meafures by which the Dimenfions of the 
Figure are taken or Meafurd. 

That is,^ if the Dime?ifions are taken in Inches, the Area will 
be composed of Square Inches ; if the Dimenfions are taken in 
JPV/?f, the Area will be comfosddi Square Feet\ if in Kirrfi, the 
Area will be Sqnare Yards-:, and if the Dimenfions are taken by 
Poles or Percbi's. (as in Survej?vgf)f Land^ gr.) then the Area 
wiiJ be Square Perches, &c, * Tiiefe Things being underftood, 

and 



I 






and the Definitions in the 289 and 284 Pa^es well confider*d> 
will help to render the following i^ules very ealy. 

PR OBL EM L 

To find Ai Superficial Cmm^ or jpea r>f a l^qnare ^ w\oj 
any Right-angled ^WdM^Q^XUm. .. ^ . : 

4fi:ttlfi J^^^*¥y **^ Le?igih into its Bre/idtb^ and the'froduB, 
^^"** iwitlhe the Area rejuir'd. (SeeXcmmd. !• Page 502./" 

.Example, Suppofe the Line AB:=6 ' 

Kar^^,. and the, Breadil? A C ot A ^ -^v-^ 6 / •.^;: ^; i> 
B D := ^Yards. 

Then ABXAC-6%Z—lS 3 
will be the Number of Square Yards 
contain'd in the Area of the Farath'' 
Icgp^am ABCD. 

This is fo evident by the Figure only, that it qeeds no D^- 
monftration. 

P R O B L E M II. 

To /Hi /Af -4rM of any Oblique-angled Parallelogramy viz, 
^f^Z^^r of a H^ombns or KtiomboiCes. 

a^jjig f M/W/»^ ^^^ £^^^^ i«^o ?f^ perpendicular Height, (or 
^ i Breadtb) and the ProduEi will he the Area r^quir'd. 
Thkt is, the Side ABy^BP — t\it Area of the Rhomlus 
A B Cb. For if jB P be drawn per^ 

pendicular , to C D, and AG ht made -^^ i? 

f /xr^ii/rf to J5P, then will G C = /* D A :\ 

and fl P — CZ). Confequcntly A AQC i \ i \ 

= A8PAandca^-BflPrriP4'o«2J«i : \ \ \ 

ABCV». Q /> p 7) 

But ^BXJBP=ca^iBGP. There- 
fore AB X B^, ot CD y BP =;the Area 
of the Rhomhus A BCD. 

Example^ Suppofe the Side ^ B = 23 /w^&t'j, and the P^r- 
f^ndicutar BP == 17,5 /»f A^^, (l^eing the Jhorteft or. neareji Di^ 
fiance between the two Sides At, and CD.) 

Then ^JBxBP=25X I7j5 = 402,5 Square Inches, being 
the Area of the Rbomhus required. 

The like may be done for any Rbomloide^vthok Length aiid * 
Perpendicular ffreadtlf dxt given. 

^ ^ Xx3 ?R0- 
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• PR OB LE'M HI. 

To fnd the Superficial QMent, of ArtatJ any plain %XimS^. 
' Bveri pkinTriangh is Equal iohtSfittCircuafm^^ 
Iflo^ram, (41. e. l.) ^hich affords the foVoxvzng Rule. 

cMultipb the Bafe of the given fi^gli i«ttt Bdfitt 
mmT^pMuiar Height, Or half the Bale into tb^ ^thde 
^ tPerfiitdicuiar, and ihe Produawtll he the Area. 

Thatis, BD%\CP, otiBDjCCf^Affaor A9C-9; 

rot AC ss Bf, 4 B=iCP. ji C F 

W jB C' is common to both A A : ^-'-'^^'^V • 

therefore aABC^^ B C P, , ^^ \ \ \ 
And for the like Reafons A CFD \ ^ :\ V 

— aCPd. „„ B P ^ 

Therefore A »C/' + AC i*© ^' _ '^^.r,, 
= i D ^ £ C D. Confequently \BT> %C P, oxhB%\C^ 

vill'be the Area of £^ B ^^ ^' „ _ , j .u *^ 

/ Example, Supp.^fe the Bafe 5I> — 32 Inches, and the fet- 
^f,vdictflar Height CP—Hl»rbes4 _ nnv/TP 

■ Then ^Bij^CPz=zi6y(.l^=^224. Or fiDXlCi" 

^(5i?Sr32 x'h -= 448- Then 2) 448 (224 =i the Area 
-of the r«4»-^/^ ^ C Z) in Square Ifubes '-■ 

PROBLEM IV. 
To find the Superficies, or Area of any Crape j(tim, 

Firft Divide the given Trapeziuf» uito Two Trian^es, ^ 
drawina ^Oiagonal from one of its Acute Angles to theOppo- 
fre y^r'pV • and let fall Two Perpendiculars (from the other m 
An^.es) upon the Diagonal As in the following Figure, Then 
C Mu'fiply half the Diagonal into the Sum of the TwoPer- 
Kule <' P '' dirMars, or half the Sum of the Perpendiculars tntt 

Ctbe DugonaK itnd the ProduB mil he the Area. 
That is. \AC%W::^E^. . Or ii^%\BP-k-'^ ED:=AtU 
of the f^fi-ziaf/w i4 j8 C D. 

For the A><BC is H-i/fits drcUmfcrihingParall^Ogrfi 
And -the AW CD k alfo Half of its tncun^iVtng Paralhlf 
gram. As hath been prov'd at the laft Prohlem. r r ei^k 



T^^nf^imenilj, Bf 4 ED X i ^, ^^ i ^^ + 1 B:D%AC 

\9 above. 

JBxamfU, Suppofc the Z)w^o»^? >l-<^-^i|>-- ^^.C? 

i4 C n 33 Kr^f, the Perpendicu^ 
atr BP—iS F^^U and the P^r- 
pe^JicularEI> = 14 f^^'- Then 
B J> -f. JED = 29 F-e'^f, and . 

Or th.;;, 29 X 33 = 957. ^ Then 2) 957 (41:^5 i^y <f 
dicfe Produas are the ^f^a of the Trafexmn ABi^o. - v 

PROBLEM V. ! 

Tc> find the Superficial Content or Area of ah^f Irregiilar Votjgip 
or many Sided Figure, whicb h fome 
Authors is calf da Triangulate, becaufe 
{as I fuffofe) it muft be Divided into 
Triangles, as in the Awuxed Figere 
ABCfoFG; by which it is evident, 
that the S^io of the Areas of all tboft 
Triangles, found as in the laft Pro^ 
Uem, Sec. \^ill be thfc Area of Acu: - 
Cifcus9^criHng Polygon* . r , 

PR OBLEM Vl V 

Tofindthe Superficies, or Area ofanyRe^ar Polygon, viz. of my 

Regular pentagon, ^ei^agon, heptagon, a)d4eon,;m. 

' * '^ ^ Multiply half the Sum f^ii^ Sides into the Ra* 
General Kttte 3 ^i^'^ of ^^^ Infcrib'd Circle, Or half the laid 
general %kuu^ ^ ^^^,J^ .^^^ ^^^ Sumoftbf Sides, andtfpBpri^, 

(- du6l will he the Area r^juittd. • . .• 

u ABA-BB+DE+EF+FG+GH'^m'^KA ,.^^> ^ 

=rthe Area of the Annexed Oa^ox^ inbtmn k b evidcAt^ 
that its Area is composM ^ fomany Bijual ifofceles Tria^ka 
213 there are Numher dPSidesin the PoihfM, viz. of E^htifb^ 
rceles Triangjesi whofe Safes att theSWei oftfaeOSig^ w51 
■'^i e-' BD%i: DE, Beo. And the SI*Jr cf thofe Jri^v^aiV* 
CAsC^y CD, &a are the Radius s. of i*ic CiftrnferHitg 
Cttclei 2!ndi^itferpendicuiarB^ight4y vfe. JP?, is At^Mlbis 
of the Inf^rifd Circle. \^^ 
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. But the Area of any one of thofc Triangles^ is iAByiSP 
by P^oHm^. Cohfequeody 
theSMBOt all dieir AreasmR 
be, CPirOobaifttoGSumdEsa 
their B^j, As above. 

This being Ejual/y evident 
ill -all Regular Polygons whatfb* 
eveff makes the &Ie General 
for nnding their AreeCs* 

Now becaule it is requir'd 
to have the Radius of the pro- 

f" os'A Polygon s hfcriyd Circle, 
Ihall here infert (and dgmon* 
firate) the Proportions that are 
between the Sides of feveld Regular Polygons, and the Radius's 
bPth of their InfcriFd zvA Circtmfcrihing Circles ; the one will 
hdp to delineate or froJeS the Po/jgo», (7/ Occafion require it} 
ana the other will help to find its ^^^, ^ a ^ 

And Ftrfl, Of an <^ittl8t(ral %xim^t. 

The Side of any Eguilatifral plain Triangle is in Proportion to 
'^ the i(,A^/»f of 

itcJ^^^^f^^^i^S <^ircle. As i : To o,5772<027 &c 
^ ^^'ilnfcriyddrcfe, As i : To 0,28867513 &c. 

And to its Perpendicular Height, As i : To 0,86602540 Sec. 
T».af ;e jABiCDiii: 0,57725027 

Thatis, ^^^,Ca::i:o;288J75i? 
- And ABiAQ:'.! : 0^6602540 

Let ABz=BD~i 

Then will B C= G D = o,S 

Bat qA£~ nBG^UAG 

by Theorem 11. 

Tbat is, I — 0,25=0,^ =s D-^fi. 




mr. 



«. ..^w is, 0,8660254 " •- ' • *7<- ^^/^^^ y^ ■ 

Then 1 AH — 0,57735027=-^ C Again AG : /Jfi : : D£f ; jrfl 

That is, 0,866025^ 2 o, 5 : : 0,28807513 = CG. Q. E. D. 

Now, by the tidp of the Fir ft of th^fe fro^ogrtion^^ it will bQ 
cafj^ to Refol^e the following frgblem^ 

FRO? 



III. 5* ^Praaical JSttfejS about ^tm% Sec. 343 



P R O B L E M Vn. 

tl'i^ ^;V^ of any Equilatetd flain Triangle ^ehggtven^ To lintd 
ts" .Area. ^^ ? . J , 

^fcamflcy Suppofe the Side of the proposed Triande A EC 
olx 2.t^IncheSyViz.AB^BCz=iCA:=i2^ . 

''irft I : 0,866254 : : ^ B = 25 : 21,650655 
=rJBp. &y Theorem i^. 
Then A P ( IP A) X 5 P s the -Area of 
^ ^BC By Rule toProUem 3. - 

That is, 12,5 X 21,650635=5270,6329 
ebe ^r^^ in 5|;2/^zr^ Inches. 

Or thb ProWm may be othcrwife if Wo/pV, 
thus : 

Lct> = ^P = i^C. Thcn2J=^5. 
Butn^-B — D^P=nBP. BjTheoremii. 
TThat is,4t^ — W — 3 JJ - p B P. Coiifequently, ^/aj^ = BF. 
Thcn*V3** = 5PXMC'- Viz. ^3WW = the4r^flofthe 
Triangle. 

Secondly, For a pentagon. 
XiEr^ Sirflef 0/ any Pentagony is in Proportion to the Radius of 




its 



{Circumfcrihing Cirde, As 
InfcriVd Circle^ As 



I : To 0,85065080 &c. 
I : To 0,68819096 &c. 
1 : To 1,53884176 &c. 



And to its Ferfendicular Height, As 

^AB: aC::i : 0,85065080 
Viz. <AB:CH: III 0,68819096 

CAB: AH:: i: 1,53884176 

jBDemonffration. 

Let A B z=z I. And draw the 
Diagonals A Z), yi^Fand DG, which 
willbc Equal to one another. Then 
will AG%DF'\-ADyXiF—AF%DQ 
By Theorem 19. 
Coafcqucntly, AGy,DF:=AFyiDG i^ADyiGF 
That is, n ^5 UAD:^AbyfiF:=zl 
Hence it will be AD - 1,61803398 

Then □^i )--apH=n y<H By r^for.ii. Bat Z)Hrr;i<B 
Therefore v' D^ C—tD -^5 = ^Hss 1,53884176. 
Again, AHiADziAyD\^AXisL2AC Foe AW HZ) and 
^AVX arc alik^ - . . , . 

'• M^ V Ergo 
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Ergo5^ = 2ilC^i,70«?ax6l. Hence ^C= 0^5065080 

But ><H ^ JC^ CH=o,688i9096 &c Q. E. ft 

Fiomhcncc ir will be Eafy to if^/o/n^ the fbfiowing Praikm* 

PROBLEM Vra. 

ne Side of any Regtilar Pentagon teingginen^ To findits Ared^ 

Exynpiej .Suppoie the ghreft Sid9 to be 15 Inches long, tbea 
it will be, as i : 1,52^4176 : : 15 : 22,0826264 the per^ 
feTtaiculaf Height ,viuid by the gnmal Xnle 22^)826264 X 'I 
=x 16^1965^ (be Area requirU 

iTbirdiy, For an i^tasm^ 

The Side of any JtegntarOBngm is in Profortion io the Radius of 
4*' J (^i^»^firil^ing Cirtle^ As i : To 1,30656296 8f. 
tts < r.^^,i^^, .. As I : To 1,20710678 Qc. 

I/.V J 5^ • ^^ • • ^ • 1530656296 
'^'** l3^;CP:: 1 : 1,20710678 

jSDcnwtfttatioii. 

A Dfaw Ae t^i^-line DB, and 
from the i?af»f B let &H the P^- 
fendieular B x upon the Diameter 
DA. 

X Then will A toBB and A DxB 
be alike. By Theorem 10 and 12* 



\lrti<rWdQircley 




"M ^ = -BZ) and ^ = fi;» 



Then 


I 


V 


2 


©• 2 


^ 


But 


4 


Tbatu 




4XW 


5 


Again 


6 



^ : ^ : : ^ :jr Viz. J>A iBAit DB : Bx 
^^^e = DB 

^^ee^ODB 

Qi)^ — DDS = DBA By Theorem il^ 
^aa=:yj. ForCjpssAf 



ciaa=yj. tor (Jx^JSn 
iand DC^+ 0^*= QCBss 



4)1 



5, « 






rr 2 

cn 



XI oil 2 

Then 
:3t3 tto 2 



II 

12 



4^^ — 2^^= ^^ Or 2^^ — 4*i^ = — ^. 
4P» —Maa +**c=:^* — »^** st ii* 

^ =V : W + Vi*^ = 1,306562^6, 8CC. — C A 
an ^ \hh — uCP, viz. uCH— qHF = DCjp' 
j^ita^^bb = 1,20710678 &c = C P. 



From hence 'twHl be cafic to find the Area of any OSa^on. 
\ P R O B L E M IX. 

The Side if any Regular OSagon ieing^ven, ToflndiUAxtz. 

ExamfUj Suppofc the Side given to be 1 2 Inches long ; Firji^ 
as 1 : 1,20710678 : : 12 : 14,^528136 = the Radius of its m- 
^fctib'd Circle ; thenr 12 X 4 ==48 is half the Sum of its Sides, 
and 48 X 14,48528136 = 695,25^35 the -rfr^^i requir'd. 

, ^ Fourthly y For a SDewgOH. 

: The Side of any Regular Decagon (vix. a Polygon of Ten equd 
Sides) is in Proportion to the Radius of 

t* J Circumfcrihing Circle^ as i : to 1,61803398 &c 
^'^ \InfcriVd Qirde, as i : to 1,53884176 &a 

V jBAiCAiili 1,61803398 

^ *^^* XBA :CP::i : 1,53884166 

^emonSratim. 

• ctssiBAzr: I . a:=zC A 



iTien 
That is, 



But 

'4-ri^ 
: Agata 



That is 



2a :h::eiy 

DA:BA::DB:Bx 

^2ay:=zte 

2and2j^=j 

2jf : ^ : : 1 : 1,61803398 See Pentagon, 

le ««. ^^ — ^'^ 

-^ "7 a 




1,61803396 -^ a 
1,61803398=^ =C^ 
ian^\hk^DCP. 
I viz. ncF^, PPF zzz gC^,. By Thhremii. 

V 2,^1803398 = 0,25 z= 1,53884176 = cp 



Yy 



PRO- 
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PROBLEM X- 

Ths Sideof anj 'Regular Decagon ieinggivenp To find its Area, 

Example. Let the given Side be 14 Inches long ; then ai 
I ? 1,5388^176 : ; 14 : 21,543^84 = the Radius oi the InJcriVi 
Circle; and 14 X 5 ^-ioi^ half the Sum of its Side& Laftty,. 
21,543784 X 70"= 1508,06488 the Area requir'd. 

Fifthly^ For a SDoDecasom 

The Side of any Regular DodtcsLgon (viz. tf-Polj^on ofTwehe 
. ^«^ S/rftj^ ij f « Proportion to the Radius c/" 

^-. tCtrcumfcribingCirde, as I : to 1,93x85165 &c. 
I InfcriVd Circle, as i : to 1,86632012 &c. 
Vir J^^'CAiii: 1,9318516$ 
•^ 1,B^ : C P :: 1 : 1,86632012 

Let hz=:BA:=i . a-CA^ as before 
And e = xAs then al-e^=.C)e 



2 
t, 

4 



Firft 

Bat 

19- 2 

3 
ui/ 2 

Again 

X 2^ 

— 7 
8 

©- 2 



4 
7, 

10 

f mi 2 
^4 r4 2*/' 
15 U» 2 

Again 

l^.Heiice 




' 1 By Figure. 

3 nis*=i^/« 

4|^^ — j^ =:^g^ 

5 v^^^— ;44z=^ 

6 ^/2 — i^^^ z=i aa ^^ 2ae -f- ^^' 
pC B-^ gB x = D Cat 

7 2^H/^i&-.^^ rz= 2^e 

8 W — ^^iii — 2a ijbh—\aa z=zee — 2i»£ 

9 aa —^aa— aa + H^iaa — 2a^/bb^7a ^ 

10 2a^bb^\aa = JJ 

1 1 ^Hda — aaaa z=z h^ 

12 aaaa — l^haa-=i»i^'h^ 

13 aaaa>^ ^haa -f- 4^* =? 3 J* =i 3} 

14 ^2/2 — 23**= ^'3 — 1,7320508075 

15 ^^ = 2^* -4- ^^3 — 3,7320508075 

16 ^=^^3,732050807^= 1,93185165 =Ci< 

17 aa — ^^hh=^Cp. viz. DCi^— dPF=:acF 
r8 CP — ^/aa~-^^hb - 1,86632012 Q. E. D. 



Cofh 



:::Aap, e. of the ctrcie's j^errt>l^cry, Src, 347 

ConfeSiary. 

- Hence, if the Side of any Regular Dodecagon be given, the 
X^ius of its InfcrWd Circle may be eafily obtain'd, and thence 
he Area found \ as in the lad Problei]». 

ThgWork of the 'foregoing Po/jgo^yj, being well confiJer'd, 
vill help the young Geometer to raife the like Proportions for ' 
►rhers, if hisCuriolity requires them: And not only fo, but they 
vill alfo help to form a true Idea of a Circle's Periphery and Areaj 
L€Cording to the Method which Iflialllay down in the next Chap- 
ter for finding them both. 

CHAR VI. 

A New and Eafy Method of finding the CirdeV Pftipljerp 
and 3irea to any afjignd ExaSinefs (or Number of Figures) 
t hy one ^Equation only. Alfo a new and JacHe M^ay of 
making Natural ^IMB and lCangent0* 

1 ET us fuppofe [what is very eafxe to conceive) the Circle s ' 
A- Area to be composed or made up of a vaft number of flain 
Jfofcelejt Triangles J having xhtit ' Acute ft Angles dW meeting in 
the Circle's Centre. And let us imagine the Bafes of thofe Jrf- 
^gjes fp very finall, that their Sides and their Perpendiculat 
Heights,' vijK. the ]^dius*s of their Circumfcrib'd and Infcrib'd 
Circles (vide Problem 6.) may become fo very near in Length to 
each other, as that they may be taken one for another without 
any fenfible Error : Thqn will the Teripheries of their Circum- 
fcribirig and Infcrib'd Circles become (altho not co^if^cident^ yet) 
fo very near to each other, 9s that either of them may be indige- 
xently taken for one and the fame Circle. 

But how to find out the Sides of a Volygon (viz. the Bafes of 

, ibofe Ifofceles Triangles) to fuch a convenient SmaUnefs a§ may 

be ncceflary to determine and fettle the Proportion betwixt a Cir. 

cle's Diameter and its Periphery^ (to anyaffign'd ExaSinefs) hath 

hitherto been a Work which requir'd great Care and much Time 

in its Performance ; as may eaiily be conceived from the Nature 

ofrht Method us'd by all thofe who have made any c^nfiderable 

I Progrcfs in it, viz, Archimedes^ SnelUus, HugeniuSj MtBtius^ 

Van Culeny &c. Thefc proceeded with the Bifedting of an Arcbf 

I aa4 foun^l tjie Valu^ 0} its Chord to a convenient Numfeer^of Fi-» 

Y y 2 gurc^ 



34^ Clementgofcgeometry^ Pannt 

Sures at every fingle Bife6lion, xepeadng their Operatiovr mA 
they had appi oach'd to the Cbor^ dcfignU 

And this Method is made chcHce ot by the Learned Dr. WM$ 
in his Treatife of Algebra ; wherein, after he hath given us f 
large Account of the different Enquiries made by leveca), (verj 
eminent in Afatbematicd Sciences) in order to find out fome 
ealier and more expeditious Way of approaching to the Qjrde's 
Terifbery^ as in Chap.Sij 84,85, 86, Mid feveral other places, hfi 
comes to this Re&k, (page 321.^ 

" 'Tis true, faith he^ we might in like Manner proceed by ooik 
" tinual Trifeaion, Quiwjuife^ion, or other Scaion, if we ba4 
^ for rhefc as convenient Methods of Operation as we have for 
" BifeSion : But becaufe Euclid Ihews how to bifeft an Arch Geo- 
«f metrically, but not to trifeft, 8f . and the one may be doiK 
^'(Algebraically) by refolving a Quadratick ^Equation, but not 
" thole other, without .Equations of a higher companion, I there- 
" fore make choice of a continual Bifedlion, 8^. 
And then he lays down thefe following Canons. 



The Subtenfe of -J 
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I 

^: 2— V? 

^} : 2 — V : 2-4-^3 
^/:2^V:24-V--24-V3 
V - 2— V : 2+v •' 2+V • 2+\/3 
&c V : 2— \/ : 2+s/ : 2+^ • 2+i/ •• 2+V3 
v/ : 2— ^/ r^+s/ : 24-y : 24"^ • 2+^ • 2+V'3 
V' • 2+^^ • 24"V/ •• 24-v< : 24- V • 2+V • 2+>/3 

&c. 
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Hbw iedipus and trqublefome the Work of thefe complicated 
Fxtra<aions i j, / have to the Confideration of thoje^ who either 
have had Experience therein^ or out of Curiojity will give them^ 
felves the Trouble of making TryaL 

Again, in page 347, the LoEior inferts a particular Method 
prr>pos'd by Libnitius^ publiih'd in the ASla Eruditorum at Leip* 
ftck, for rhe Month of February 1682, in order to find the Cirdi^s 
Area^ and confequently its Perifhery, which is this : 

As I : to |-i.+i-; + ^_^+-2.— ^^+'^J._^L &C. 

Intinitery ; : fo is the Square of the Diameter 2 to the Circle's Area. 
But this convergeth fo very flowly, that it is not worth the Hme 
to purfue it. 

i Ihall here propofe a New Method of my own, wher^ tjw 
Circle's Feripbery, an<J confequently its Area, may be obiain'd 

infinite- 
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initely near the Trvith, with much, greater Eaf^ and Expedition 

in eimer that of BifeSliony of that of lihnitiuiy as above, or 

ly other Method that I have yet feep, it being perform'd by Rf^ 

Jwng only one Mqudtion^ deduced by an Eafie Procefs from the 

Ihropercy of a Qrcle (known to every Cooper) which is this : 

The Radius of every circle is Equal to the Chord of One pxth 
^<.^rf ^ /f J Periphery. 

That is, AD — Dff r= HG, the Chords of Oqe third part of 
dxe Semcirde^ are e^ Equal to A p its Radius. 

Then, if the Arch A D h^ 

Xrifeaed, it will be n ^^ ^ /f 

A£z=BZ=ZD. 

R:^AFz=zX 

Let ^e ssAD=ii ff/ 

' Quere a. 



CR:^AF — 

\c =AD=i 

ta szAB " 



Then 


I 


And 


2 


That is, 
For 


3 


/ 
2 


4 


4X*P. 


5 



R:a 



aa 




Ri AM R i^-^ c mmm 2a 

FBiBZiiFeiex = AD^ia 
AAFBf and A BAe, are alike. 
And AB=Ac = Dk^ &€• 

Re^iRa^Ra^^ 

:i^fi^aaaz=Kj(e. That is, ^^.-^^Mzri. 
Here a = the Chord of , J part of the Circle. 
For^of^::.-.! 



Let 

3 — 2 



Next, To trifeB the Arch A B. 
9j -— jr» == tf the hft Chord. 

py ,— iy3 -s 24 
Here^ = the Chord of ,^ ps^rt of the Circle. 



Again^ 70 Dri/^^ /d^ Aicb whereof y li ^i6^ Chord. 

Lctjll2/l ^=Jf 

1 ©^ 3 j 2 27^' — 27/I« + P'^' — ^^ === J' 

X @- 5i3l243<a»--405d7+27C49,--^C4''4-x5tf'3— <2'<--j» 



/ 
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I ©• 2 

?' ®- 9 
1 X 9 

3 X27 

4 X. 9 

(5-77 

+8-9 > 
+ 5S 



10 



/2i874» — 5io:5«j9 + 5103a" — 2835tf'* -V- 
J 19683a* — 590494" + 78732a'' — 

27a — 9a' = 93r 

8loa' — Sida' + 270ai' — 3Ca» = jcjj 
r 6561a' _ 10935a"' + 7290a' — 2430a" -|- 



? 



{19683^^ ♦— 45927^9 + 45927^" — 
— 2551 5^'' + 8505^'* = 6/ 
C r/a -«. 819^5 + 737l^i*— 30888/1'' H 
^ + 72930^9 — 107406^'* -^ 
^ 4- 10465 2.1' 3 — 69y6%a^' 
Here ^ - the Chord of , 1 » Part of the Circle, 



\- 



Proceeding on in this Method of continually TrifeSing the 
Arch of every new Chord, and flill conncifting the produced Mqu/i" 
Horn into one, as iij the two laft TnJe£lion$j *twill pot be difficult . 
to obtain the Chord hi any aflign d Arch, how finall foever it be. 

Now, in order to facilitate the Work of tailing thefe Mquations 
to any confiderable H^ght, 'twill be convenient to add a few ufe- 
ful Obfervations concerning their Nature, and of fuch Contra6Uons 
as may be fefely made in them j which^ being well miderftood, will 
render the Work very eafy. 

1. I have ohferv'd^ that ^v^ry Tiireaion will gain or advance 
one Figure in the Circlets Periphery, hut no more. Therefore fo 
ni^n^laces. of Figures as are at fir ft deftgnd to he ferfeSt in 
the Periphery, fo ma?iy Trifeaions mufi be repeated to raife an 
Equation that wiUpoduce a Chord anfnsxeraile to that Deftgn. 

2. / hnve alfo founds that all the Suferiour Towers (of b.) 
whofe Indices are greater than the Numher of Trifedions, (rfz. 
whofe Indices are greater than the Numher of defignd Figures) 
may be wboUj rejtoied as infig'f.ificant. - 

i}. Wb^n once ths Numher of Trife£Uons, and thence the 
higheji Bovwr (of a) is determind^ the Third Procefs (z/fz. the 

^ Third Trifeftion) m^y he ^aae a fixd ar^confiant Canon 5 for hy 
ity and Multiplication only, all the fucceeding Trifeaions (ioto 
mapy foever they are) may be conj^f leaded without re f eating the 

feperal Involutions* 

4« I^ 
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4. /« r^//?^^ ^»rf coUeEling the Co^efficienti of the feverat 
^4>^vers (of^) 'iwillhefu^cient to retain oniyfo many figmficant 
Wi^ures (at a}) as there is defigrid to he places of Figures in the 
periphery, {or atmoftlut two more) and ever'j fucceeding fupe^ 
^i^tir former may he allow d to decreafe two p/aces of Rgnificant 
figures : But herein great care mufi he taken to fupp/y the pla^ 
T^^, 6f tbofe Figures that are omitted, with Cabers, that fo the 
tx^Jbole and exact Number of places may be truly adjujied, others 
wjoife all the Work will he erroneous. 

Now the Numier 6f thofe fupplying Cyphers may he very cdn* 
tf^niently denoted hy Figures placed within a V^tenthcGsj thus; 
576 (^) ^'> ^^y fi^^ify 57600000000/25, as in the following 
JEquations. The like may he done with Decimal Parts, thusj 
C-n^^S^^^y f&^fy ,0000000658 &c. which wHl he found very ' 
^ifeful in the Solution of thefe and the like jB^ations. 

The aforc&d Contraaions may be fafely made, bccaufe both the 
fbperiour f owers of a^ which are rejefted 5 as aUo thofe Numbers 
that arc omitted in the Co-efficients (and fupply'd with Cyphers) 
would produce Figures fo very remote from Unity, as that they 
would not affea the Chord defign d j that is, they would not affea 
the Chord in that place wherein the defign'd Periphery is con- 
cerned ; as will in part appear in the following Example. 

If thefe Direflions be caretiiUy minded, 'twill be cafie to raift 
an JEquation that will produce the Side of a Regular Polygon j- 
ivhofe number of Sides fluU be vaftly numerojus, confequcntly infi- 
lutdy finaO : But, I prefume, 'twill be fuf&ci^ for an Example to 
find the Side of a Polygon confifting of 258280326 Equal Sides ; 
that is, tf I find the Chord of jT^sTrrr part of die OVrfe'a 
Periphery, and that requires but Sixteen TrifeSiionsy which being * 
order'd as before direfied, will pi^oduce this Mfuation.^ 



\ 



43046721^—332360x7948696861 2(4)^1' ^ 

--769837653199714(20)^' -849i2i853284iC35>7/ _ 
+5463353"43(5oK— 230083348(66)^" r.~ 

V988(79>''— 15072(94>'' J 

Here the Vakie of a will have 23 Places of Figures true ; 
that is, the Sides of the InfcriVd and CircumfcriVd Polygons will 
be exa£Uy the feme to 23 Pwces of Decimal Pa^tSy but not farther, 
aU which may be eaf3y obtained at Two Operations. And for the 
firft, *twill be fuffident to take only Three Terms of the Equation, 
which will admit of being yet farther contra£le4, fhus : 

t-ct 
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And ktr-^e = a; then rgedihg aD cbe Pmibers of ^^ ttal 
arlfe by Involution dbove ^^^, 

it wifl bci^' + 3^1? + 3^^^ + ^^^ = tfi»i 

And r' -f^ 5r*^ + lO^'^^ + to^eee :=n^ 

Then the firft fingk Value of r iriay be thus found : 

43046721) 1,00000000 Gooo6oo62=^ 

This ,00000002 :r=r bcirtg duly ihvolv'A and its Powers miC^ 
dply'd into their refpeftive Coefficients^ vn& produce 

ifiz. ^3459196 + 391 19986^-- lp325:^9y^—30l6(l8X^^=f 
Hence 391 19986^ — I93257(9>^— 30i6(i8)^^^=o,i554C)8o4 

An the Terms of this hft Mquatidn being (fividedby 19325^7 
the Co^efficient of ^^^ it will cnen bec6me 

,0000002024^ r-^^^^i56(5>^^=,oo6oooooooooooo8558p8^=D 

-^ ^ -^^ 4 ^0000002024—^ 

Operation. 

/xx>ooo2024) ,0060000000000008^5^8 (,000000004^=5^ 
^r^ ,0000000043 :-4-yOOoooooooooooooobo9984=,i5d(5)i?^^ 

mmmmmmmm "^ - 

X Di. |0oooooip8) /)oooooooooooooo8568p52 (,006000004327 

a £)/. /X1O000198Z 7P2 

'6489 
. 5£4? 

54^5 
Firft r =: ,doOC0002 3^62 

+ ^ = ,000000004327 ©f. 

r 4- ^ = ,000000024327 ss: ii. Or rather new t for a feconl 

Operation, 

Abtt?, //fi&fV firft Value of a—fiOoqooo^:^27 were not 
eotinuea to more places of Figures h d fecond Operation^ ha 
only muliiflfd into the Numher of Chords, 
Viz. ,000000024327 X 258280326 = 6,28318539 Sec the 
feripberjof that Circle ^^bofe Diameter is 2, nearer than eitber 

Archimedes 



j^h»p> 6. Qf the^ctrcleV l&ertpl^, &c. H^^ ^ 



Aichimedesy iff Moetius'j Proportians For hx^tamtit^^^kes 
it 6^285714 te. viz. As 7 To 2'> ^«^ MnrftiM «>fi.:r; .# 
^28318584 &c viz. J<^ 113 2i 355. 



But if the wbde Mquaihn before proposed be now takeif, ^nd 
ive proceed to a Second Operatiovy thtV^Jue cf a'tttifVief^ 
Urtfiud With 'Roelve Places of Fiffstes foaotc, aud cbc& oa^ be 
d)Cab*d by plain Z}J9i/!o« only. 

Thus, let r -^ ^ == 4, as befpie, and Wt all due /'otufr^ cf :tr 
|e now i?^yV^^^ as in%nificanc ^ 






and 



1^ +^^'==4* ' - 



The feveol Powefs of r = ,000000024327 being i^Vt/,i and 
Multiply d into their re(pe£live GheffiaientSy will pr(xioce<dieft 
following -Mjpwi'^i. 

+Xf047i9758i767 + 43046721^! 

— . ,047849^ ?*5985948^5 'i90orrsve 

+ ,cxx)65S906484595355 +- 13481CV 
— ,000004281440413375 — 1232^ . 
4- ,000000016302517863 -f- 6ti 

~ ,000000000040631167 — . Otf 

4- ,000000000000071388 + o^ 



— ,OOOOQ0000000000093 —■ 



O/? 



*^/«. 1,000000^26474745100 -t- 37279554^ = I ^ 

Hence 37279^54^=3^,000000026474745106=/) 
Or rather'— 37279554^=,0O0O30O26.|.74745 ^06 = 

Oferatiott. " 

37275>554) ^00000026474745^00 (>I5)710"7J>67 
260^56878 

3790573O 
37279554, 

62617660 
37279554 






tea. 



z« 



Laft 
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V. t^'» :i; »cbbbdobbocooooc>y toiP^irggy 

-J The rte* W«rk-wii be tp exanitie how maajr raoes « a* 
IW^rj will hold true to the CircU't Ptfifbei^ila. oidei^* 
th^ let d be reprefeijted by the Cbvrd B J, in the Jbtne^ 

B*=i«=:G7)i2i634S>96449i6oi65 -P- " ' - "^ 
And a B C - D B«=nC*. J 
Let the "nOittt B C =^.1 to befitfe* 
Then'siittthe yT5^C-D««=^* 

= ,^^5»99^9M99P/r *<=• 

But (r»:x B : tPi*: i< Dl _„ py^ 

.Or Qk'.^ h liCArPd f ^ '^«- 

tiie Side of the tircttmfcrtlnngPol*- 
goft. Then will a X 258280326 be the 

Ipermeter of the I»fcrn^dPith/gott. „ . ^^ «r ^i^ r* 

And D</X"^28o326 wB be the Permeter of the C*; 
tumfcribingPuljgtm. 

That is, '5;s83i85307l7958^P « Ae P««Brt»r of die Ih/crifi 

^ 5,2831853071795865 =tte P^rABdw of the-C«rawJ 
fcrih'd Poljsta. , 

Henee *tU evident, that die CrJ'f fe'* Penptierjf, wH6le W4«»^ 
f CT- fa 3, may be concluded 6,2831853071795864 true, becanfc 
the perimeters of the /«/frfJ*rf and CircmfiribdPolygottt are & 
fit veiy neat being C«=fwi</tfat, ot the lame. . . 

Ti8 poffibk *ere mayl* fotn* who will think this u tcAoffl 
and tttMiblefome Work ; but if thofe pleafe to confider, that tf AK 
Peripbery were to be found by the aforefoid Method Of BtfOtm 
it would reqidre' thefe following BxtfOBhtts. 

, , . :2+V:24V.-2+VJ2 + V-2 + '»/-3^*^"l 
L//jr^into 402809984* i 

Mere the firft Root (tix. V 5 «"ft ^^ ExtraBed at kaft to 
iBoe-bondred and two Placea of figures. The fecond Root 
■'' ■■'■ . (m> 



Viz. 






gliap. € Of the tiVt^'^ t^t^^ J^s 

^vhu v^': 2 -f- V 3) nauft hav« 99 Peaces of Figures in it~Thtf 
bixd RcJot (vh. s/ : i-fV •2 + ^3) «^ *»vc 9^ Pla6^in 
t, 6Sr* i&tepj Bxtri^iw beJtig allow d to HeereafrTHre^ Pi^h} 
i»t io^ the bft ifoof ("viz. tA^ G^r^ Sought) may cohQI^ df 
^ Plaoes of i^,;»r^ J, A$ above, '\ ^ 

I lay. whoever ddy confiders the Trouble tf thefe (o ehm 
kp^tea BfdtaSHms^ vnS^ I prefmne, be plea^'d with what j 
jttve dome. For truly vHatxi I confider of the great 'Time and 
Caoe req|uir'd in them, J cannot but admire at the Patience of 
te Laboiious Van Gden, who proceeded that Way until lie hzS 
iNnad dfie GirrfeV Perifberj toTbiriySis PWx of Ftgure^y-^ 
wit, 6^28:}i85307i79s8647692528676655900576. 
IIEMrjfr NunAers 0re pid to he engrenoen ufpn hk TbnA Ziintit^ 
Sr. Petae^s CWriS in Leydeii,, /or /i Memorial of^fogreaf a W^k^ 

Isbmng thus obtained the Circle* 4 Periphery, its Jrch maf eaJ 
0y be found (to the fime Numlfer of Fibres) by Prohlem 6. » 

'Jn[Mis^itBalf1»ePerifbery of aiqf Cw& be AhdtiMd'ixh, 
to £^ i£8 I>J4fM^lif r, the Produfi wiH be ^t Ctrri^^i w^l^ 
aa will ai^«r farther on* Therefore 3)14159265356^793^11^ 
be the .^m of the Ctrelev^ok Diainetett is2> ■ . ^ 

Thus I have ihew'd the young GeometM hem to find die Cdn 
4k*s B^fbery and Aye 4 to what Eacaaneii he pleaiesto^aptf , 
Jproach ; tor piecifely true it cannot be found, ndtwithftafidina 
the latie Preienfms, of a certain Frenebmoft y^o haih puhliih'd 
i|o the World, (in the Works of ibe. Learmii} that after twenty 
five Years SiTM/y he had found the Quadrature of the Circle: Bui- 
If He had penit'd the 83d Cbflfter of Dr. WiOtis's Afgeirity he toight 
tfiere l^ve leen his jBSrrer, viz. the ImfoffitiUty of what h« pte-t 
tmded'* to ; for it is as impoflible to - fgoare the Circle (tbatii, 
to find it^ true Area} as it is tp find the KoQloi a SyrdNmatdK ' 

Note, Wbaf Ihave here frofoid and dpne iy fjbe 1^ifeBu^t4>f 
m Arch, may as eafxly and much mre fpeedilyhe perforpn'd^hy, 
^nauefe^iiQi(t or Septifeclion, Sec. BUt hecaufe the Scbmefpr 
Trifeaion is f^^e Jfmple, anil may he e after underjiood' hy: 4 
' Learner than thoje of the other Section? j (of which fee my Com- 
pendium of Algebra, Pag^s 76 and 79)* 1 ba^e for tbfit Re^fm. 
tnade Choice of TrifeSlion. ' 

i ' ' ^ ^ ' - '" ) 

I As tx>tht^roportipa of one Circle to another, arid c£ die Cjr^ 
I cfctbthe EUipfSf &c. tbofc Ihall be fuBy.^cw'd when we c^c 
WaihcfifihParu " 

f „ ZZ2 Hcfyft 
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Bcforf I conclude chu Part, I fhall make feme Vfe or jtffB- 
tatioH of the above^found Berifherj^ in findim the Qus'tftff 6E 
4rr^ny whidi is done bf die Help dUUigbi'it^s^ call'd^wri 
undTavgentSy the Length whereof are Citi^riMfsr^^/ to every ZJm^^r 
and Minute of a QuaJr/utt^ b^ much Labour, fiut I ihallhere 
ibew bow CO find the NainralSiw (and emfequentlj the Natwrd 
T^npnt) of any propoi'd Aitch or A^ty by V009 Mqmmi^mu 
wicoout rhie Help of any frecejent Sint^ as nfinl ; wluch I did 
ixiie .Years ago communicate to the Ii^enious Mr. J^fefb Ralfly 
f^9y .and he fo well approv*d of them as to make diem die 20cb 
and 21 Problems in the Second Editim of his Audyfis JEfnath* 
fit^t/ftherfalis. 

. . j^nd becaufe. in- finding the Qmntky of Angles^ every Cirtk 
is fiippos'd to be Divided into 360 Eptal Partly called Veff^eei ; 
eytry Degree is Subdivided into 60 PartSj caU*d MinMies^ and { 
evety Minute into 60 Seconds^ See (See P^i^ 294.) « | 

Therefore 260) 6^^^185:5 to. (OP174S32925 to. is. an Arcb 
of the above-tound Petipberys Equid to the Arcb^ one T>egree. 
: And 60) o/M7453a925 to. (0,0)002908882 to. :? the ,^^ip 
^ of ont Minute. ... 1. 

Then if the riven Arcb (or Avgle) be Lefs than 45 T>egreety 

Rtdnc^ xtAxmrnireufesy and Muitifly thofe MineHee into diis 

flonAaot J^K^r^ifr^tar, viz. 0|Oe02poi^82 calling the ProduSlf, 

^nd for the &W fought pat 4. Then it will be i 

, mmaan^ -^ ITfMA ^ IPS^ — :i6ffaa 4- 240^^ =r 45//.. 

Example. 
: i- Z>f /< Itetequirfdifi find the Sine of ip? . 13' = 1153% 

Hw 0,000^908882 X 1153 = 0,33539409^6 = f. 
^o4 :•!«<: + 4P3t47ap4» -^ iP9fQ4?6xi44 -f 8o,494583# soi 

i;;:5P^2px394v , 

Letr-|-^ss4 

' Then ^ ttr-^^ 3^^^.+ 3^^^ =^^^ * , 

/ rrrr + 4^^ + 6rree = 4444 
Note,-/* fi&/j Cafe tb^ firfi r «4jf always if t^len Equal to the 
(irji Phure in the ProdiSt - p. V iz. bere r =p 03 wbicb. ^eing^ 
Irtvolvfasits Powers direSl^ and thofe Powers Multiply d into 
ibrRefpeSiive Co- fficie^ts of tbe Mfuaiien, it vrillie 
^ -f 24*148 1 «o,4.9^ -| 

.7+ Q,Io8o+ i,o8£^+ 3*^2^^C ''^*^*^^ 
/ — d^^i — o»i i<^ — ^ o,54f^ff 3 _...__ 



Hcnco 
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Hence 37,97^^ 4- XP5,97^^ = 1^27239 ' 
And Oti2^^ + eezsiOfio6/^92zsp 

Qfen^iw^ 6^X93) 0^06492 (0fi2^9se 
I. CwT^ ,21 2%92 

Firftr^o,3 

•4-^2920,029 

r + ^ i= 0,329 = r for a Second Of eration. 

Which being hmtnfi and Muliiftfcly Sec. as befote^ vnQ fft^ 
dttce thefe Numf^ers. 

4. 26^8271781 -4- 804^458^ 

— 21,54552894 - 130^464*? — t99^i^96ee 

+ 0,14332578+ I,306p2#rf 3,9724'' 

.-^ 0^1171611 -i— 0,14244^ — o,6494<'g 

Vh. 5/?6899854— 4?>3*5i^8^ — l?5,726o«'* — 5^201394 

Hence 49,31558* + I95i7266«'^ =5,00^9846; whidi fcekig 
Divide^ by 195,7266 the Co-efficient oi ee, will become 
^25196? 4- ftf = ^0000356854=5 Z) 

Then/ — ^-^5=* 

• • • , • v^ ' .^* 

Operahn. 0,2519^ ^000035^854 (0,0001415 = < * 
4- ^ =: 0,00014 2520 

■ III I ■»»».i»«Mi# 

1. Dmfir0y2\20 104854 

2. Diri/br 0,25210 IO0840 

40140 
25210 
Laflr=r 0,329 &c, 

+ ^30,0001415 • , 

r 4.i?=4 =0,32^141^ being the Natural Sive of po^ • 13^ 
As wajircquircd. . ;/ 

Thos you may find tWlSt^hi $int of any Arcb or AnglA Ufi^ 
than 45 V^g'ffs. '-" - 

8* 




CfemetitjS of (gaiifttefty* 



But if the given ^b be Greyer dun 45 Degrees^ you nift 
I9ke its CmnfUmeat to 90«>. viz. fukfiraa k Som Sf> Vegvet, 
and Jl?Af * the Rmtunder into MtnuXei^ as before. 

TlKn MuUiPlj the S^f^tfr^ of. dwfit Mimaes into ttwi eoaftail 
MfJtiplicator, 0/300000084.616 caBineAeit jRr«fcff /t, vid pi(. 
ting * = the &•«'/«»*'» *»^°^ ThenwiU 

Soppofe it were leqdt'd to find die Siae of 75®. 52'. tr ftnHr# 
f, ibefme tbiftg) to find the Co-fiae of 14« . 28'. = «68' whofe 
Square 75^424 X 0,00006008461^ ss. o/)6?75i725*8 = f. 
Henc« die Mwatim in Numbers will be 

<IAM + 2&M« + X^,3^062*« — 2I,IX48?4« = 
=s i^>836no2588 

Crr-T2r*+«sp<M 
Then ^rrrmm yrte -t- ^r?* =s <m<« 

Lrrrr -^ ^^e -^ 6rree ss.aaaa 

" Note, //Ewff fflibf r as 1 ><ff4«/> tj&* -^Aiffe M fi »'<* *• ?©'• 
•K^ tJjerefoKe IwAe it. r — « =sstf. 




ipo^a^x 



"Fi*. 205,1808 — 46M8tf -f 287»29«* = ^90^^\ 
Hence 461^18^ — 287,2?r* = 14,3447 
And 1,606* — w =,049950 =0 

• • « 

Opifaiton. l^6o6\ ,049930 (OPJI = « 

l.Divifor i,S7 2830 • Fitftrssi^ooo 

^p/.^^ .,,7, igi ,r,s^4V=.- 

Ew a See«v4 OPerOmi "*»,»* btiflg /«»9^»V ai betor^ will 

|»-a(fc<* thefe following A'a»^«5i. . .^/. ,,. i 



Chap. 6. Of the Circle's | »eyiiifl»eagf,8tc. 3;^ 

-4-185,252368710— ?83^5783e 4- t97ym"^ 

-f- 25475089852— 78,87272*-- 81,5960*^ 

0.88i6477S9«- 'Z,6i9Aie-r ""^ 



i 



J£ 



rixi 191,149651515— 443»755i5*+ 284,5248** 

= 190,8361.10259 '„ « 
Hence it wiU be 44?,75Si5* — 284,524S«f = 0,313541254! 
And 1,55963*—** =: )0oi 101982I; = D 

OferOkm. 1,55961)0,0011019621 
— ^ =1 0,06070 1Q9123 



1075210 

1398520 
1 247144 9tti 



1. I)f>i^«r 1,5589 

2. JDrt^i/br i;^5589}^ 

Lafir=: 0,969 . . 

— ^ rs OPO07068 

r —^"=7=0^9682952 the 5«?^ of 75^ * 32' . As wa» teqtlkU 

Having Found the Sine ixii'Co-Jine of . any ^ri&, the Tofi^ent 
is iifea% found by this i'^^il^or^itf^j , 1 

V J As the Coftne of any Arch : isioibe^ine of the ifrri& ; ^ 
^^*^* Afo is the Hfdms ; to the Talent of the ffom Anb. 

For ibppojliag 3 C cs B D Radiu$^ wi (T the 5i«^ 0^ die^rrA 
CD. Then « -4 is the Co-/? w, and '•- ^ >.F 

FD the Tangent of the fame Arch. ''-^^ 

But E A :C A :i B D : FD, ice. 

Now by this Proportion there is 
Reguird to be given both the Sine 
arid t:oi/!»^-of the ^fn*, t<rfind the 
Tangent. 

' Tis true, if the V(^i^ius^ and 
dthet the Sitfg ot^tCo-fi ne be given^ the other may be found 
Thus, ^aBC^DOA = B A. Or ^^ Q BC— Q C/i = C^. 

But if cither the Sine or Co-fine be given, the Tangent may 
r/ prefume) be more f/iyt/jf found by the following Theorems. 
* ^ ' Let 




XT> 




3^0 , (CSemmtss of dftomettv* P^ 

- ■ i ~ ■ — ^ — 

if S'be ^ven, riii?y be £)dnd by ttus 

Otif«be|^ven, roiaybefoandbyd^ 



Again i — 0,1083341^7 ^^ ^^yi^^'y^v^ =^ * — *^*^* . . 
Then 0,891665873) 0,108334127 (0,12149632^3 * 

And v^o,i2i4963253;= 0,3485632 = IJ the Tangent^ cf I9^# 
13\ As was required. / 

And fo you may i^rgoe^ td find ras die 72urj^«f,^ wbea 
« = the co^jl?^^ is gjivenl ' r . . v 

Perbafs it may 'here be expeUed^ -^at I flibuld have fliew'd 
and Demonftraied (or at baft have inferted) the Frdparfions 
from whence the foreg^^ /Ematiws for making Sines were ^« 
^i^i^; but I hai^e£M//f^i^ cnac, as alfo their U/f in comfnfing 
the Si^^J and ^^^/^^ of ^i^ TJ^i^Ic^^^byche^r^only, (^«iz« 
witfitm the Help of Thiles) for the S^tJeS of my T^ifamfe 
berieafier, if£&^fi^andT/^»^permic. 

In the mean Timey what is here doiie may fiiiBcc- to Ihew, 
thap the making. of Sines by fuch a LaheriouszxA Oferofe \NvIj 
as was formeriy xtfed, Is in a great Meajure overcome; which| / 
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PA R T IV. 



"" >^ u- ' ■ ' - ' ' ' • . • . i>fi ' j • ^ - ' ^ 

C H A I^. I. , ' ^ 

Definitions of a Cone^ ^^^^ /V^ S>cctwttj^^.; 

T Hie RE are feveral De&iitions give^/of aC<»»tf ; Xhe 
JLearned Dr. Barrowy upon £i«^//W, fcatij^ it thus : 
** A Cone (faith htf) is a Figure made when one Siifc .^a » 
•^Reflanglod Triangle, (wV. one of thofe Side* that comaia^the . 
<< Rig^Mt-ande) remaining nx'd, the Triangle is turn'd ' rpif pd 
** about, 'tul it return to the place from whence it firft mqy'd ; 
^ And if the fix*d Right.Line be equal to the other wbidi ccfVi- 
^' taineth the Right, angle, then the Cone is a R&S^ogkd Cone ; 
"but if it 'be lefs, 'tis an Obtiife-^nglcd Cone; if gce^t^r, .an 
** Acute-i^uigled Cone. The Axiso^d, Cone is that ^x'd^Ope., 
•* above which the Triangle is mov'd: The Bafe of a Cone is 
** the Circle, which is delcrih*d by the Right-line mov'd about, 
^ (Defifi, i8, 19, 20. Euclid, i j.J 

&t Jonas Moor y in hisTreatife of Conical SeSlio?is^ (taken 
out of the Works o( Mjdorgit(s) defines it thus : 

" If a Line of fuch a length as fhall be needful, fliall upon a 
* Point fix'd above the Plain of a Circle, fo move about the 
** Circle^ until it return to the Point from whence the Motion 
^ be^an, the Superficies that is made by fuch a Line is call'd a 
^Conicd Suferficies\ and th^ folid Figure contain d ivirfiinthgiC 
^Superficies aud the Circle is calFd a Cone. The Point remain* 
J* ing fliU is the Vertex of the Cone, Qc 
"-' ■' *^ Aaa . 'AJthft' 



^6t 



Contcft ^mionsi 



Pa 



a?. 




Altho' both thrfe Defini'iions are equally true, and, with aliu 

,tlc Confidewtion, may be pretty cafily undcrftood, yet I Ihallhctc 

propofe one very different from either of them, and, as I preCimc, 

POLpplwan^ ifiMJigiWe, cfwci9Hy.to;^&/ir«r5p ^xT ^ 4L" 

jKz Circle aefcftb'4 uiinili* Pape^ (%r rdh (rfftfr AahJflKa^ 
rtr rt)f >tfat Bignefs you pleSfe, be cuT inccrfwd, Tibr*, <5r iltorc 
SeBors, either equal or unequal, and one of thofe S/f Scr j be to 
roird up, as tliat the Radinss m!ly e^EaS^' meet eaca other, it will 
fcrni a Conical Superficies. 

That is, if the SeSor HVGhe 
cut'9|t'6f ihc Giixie,'^a|0^fa roll'd 
i^a KUtf^t^h6.J?«/juiGr*4f4rH and 
V G may juft meet each ^ther in all 
tbeic PattSy 4t<wlll£^ia a ^v^^nd 
the Centre J^ will becfrae z. Solid 
foint, caird the VERrTEX of the 
O;.'^ ;f:tic T^n'dTus FHhiing every' 
where Equal, will be the* Side of 
the Cone, and the Arch i5 G will 
becoinfi.,a. Circle, whpfe Jrea is t, , 
cairdthe Cove's Bnje. 

h Right-line being ftpposM to pafi 
ftom the Vertex^ or Point F, to the Centre 
of the Cone's Bafty as at C, that Line 
(^Yi.'V^C) will be rile AXIS, or prfen* 
dimlkr^migl/t of tht Cone 
' IF4 5ex//V/ be ex^Sly made in fuch a 
Form, it. will be a'compl^at or perfieS 
Corte / tj^hich I Ihall all-afong call a Right 
Cone, bic^fe its jfxis VC tends at RrgM 
A^fgles with the Plain of its Biife ItG, 
and its Sides arc every where cquaL 

Any Cone whole Axrs is riot at Jiigbt-^'/gJt^^ 
with the Plain of its B^/^, may be properly 
caird an ImPerfeci Cone^ becaufe its Sidf 5 arc 
iK>t every wnere equal (as in the annexed Fi* 
gnre). Now, fuchan imperfeft Cone is ufgaHy, 
caird a Scalene^ or Oblique Cone. 

Any Solid Cone may be cut by Plains (which I JbaU all^g 
hereufter call Right-lines) into Five SeBions. 




- SeB. I.* ' . . ' .' .- 

IF a Kight Cone be cut cUrcaly throl it* -4u«j, the Plain or 5/y- . 
perficiesoPiii2it SeSlioH will be a plain Ifofitfh^ ^iav^k^^ HFG 
Ffg. 2, Viz. the Sides fHFand V G) 4 the Cone xyHl be the 
Sides of the Triangle, the Diameter (TiCl) of the Cone's Baft 
will be the B^i/> of the Trtangle, and (i^C) its Axis will be the 
ferpfndicular Hfiij^bt o^tiitTxhugle. 

SeSi. 2. * ' " ; 

If a Right Cone be cut (any where) off by a Rio^ht-Iine paral- 
lel to its Edfe^ as"*^ (it will he enfteto conceive^ flrat) che Plaih 
of that SeHion will be a Circle, becaufc;, the Cone's Bafe is fuch"; 
Wlli^retnr&ne thing ought to be dcarly-iin^dte^, ivhicKunay be 
laid ddtvn ^z Lemma, to demonftrate the Pr9{)ercies of che'ig^att- 
iagSeRion^. ' ", ' . ::\ ? - ■ '' 

r- If any Tb)0 RightJines^ ivfc^iVd wiihm a drcle^ eh 
\cut or crofs each other (as b^ doth h h i\\ xh^inocwd 
ai M^tM«i -y^iS"^) ^*" RjBmgJemade of the Segme?its. qf one 
Itemma. <^f fj^^ XineswUIhe EqM \p tbL> Hemvgh inajte of 
\ \ /the Segmfits of the oth^r Lvz^. (vSee 'Theirm if 



And BAy^GA ^ISAy^ABf^^ 



rw •*; 



. . I; . 

Then ic will be j& a X|f '^ = n * ^ / 5. 
And in the Cone s Bile HA%CtA±U. BA. „ /- \" 

' ' ■"■••.... ii\.. 

B 






I particula^^' difti!fefii{l*'d -frAra»tlld"'reW, as & ing ( 
'jtetteriPt^f^tfeothfr are'oi'ilv ap-pUcabletcifiarticuferOfes;^ ■'^''' 
•••-'.• • .•■:A-a-a:i^-. - - - * • -2". *rS;s 



354 comcfe ^CttiOllg Pa«^f 

2. The long^fi Diameter (as T'Sj w jr 

calVd the Ti^a^verfe Viameter^oxTranf- k 

verfe Axii^ being linatRigbt-Jine which / \ 

is drawn thro* the Middle of the i?//jp- / \ 

/i, and doth (hew or limit its Length. / \^ 

^.TheJborteftJ^imeter^ call'dthc b(y/\ 

Conjugate Diameter y is a Rigbt^Une /yKy \ 

that doth interfea or crofi the Vrany \,(/^^^y%. \ 

»^ry> Dimeter at Right atiAex^ in the ^r^^"^^ \ 

middle or common Centre dc the B//f^ /. \ 

/j, (as i\r;5?) and doth limit xhtEHipJis's -" -..^ ^ J? S 
Breadth. 

4. The 2too P^wrfi, which I call particolar Centres of n 
Elkpfis (for a Reafon nrbicb Jball he JbeT»d farther on) axe l^ 
Voints in the Tranpoerfe Diameter y at an equal diftance each way 
ftom the Conjugate Diameter^ and are ufaally called fSMOh 
^foflU^Vy OtiurningToints^ 

. 5 AH Eight Jinei within the Elliffis that are paraOd to one 
another, and can be divided into Two equal Parts, are call'd 
fiDlDtnattf / with refpea to diat Diameter which divides lliem: 
And if they are parallel to the Conjugate^ viz at t^jght'^^i 
with the TVanherfe Diameter, then they are dll*d Oravtsfes 
rightly afpljd. And thofe Two that pds throudi the roeu/s 
are remarkable above the reft, which being eqvm and ficuattd 
alike, are call'd both by one Name, tnz. lAiui HediUB, qsl Ri^bt 
Tarafneter^ by which all the other Qrdimtes ar# regidated ixA 
vaiu^ } as will appear &rther on^ 

fo^.4. 

If any Cone be cut into Ttso farts by a Rigbt^Jine parallel to 
one of its Sides, (as S Aim the following S^%me) tin? Flaw of 
that Season (vi^- SkB4shS) is called a fparabala. 

J. A Rfgbt^Uftejhmg drawn thro*, the Middle of any ParoMa 
{s^SA)\& caird ix^ 4xis^ or intercq)ted Diame^r. 

a.-^lj RigbtAhte^ x\a\ interfea or cut the Axis 9t Right Anl 
gles (as B R andb 1^ are fuppqsdt^ cut pr. crofi S A) ar^ call'd 
Qrdvtates rightly afpJyd^ (as in the EtliPfis} and the greateft 
Orainate^ as .^ ky_ which ^mits the Uftjth of the Pfr/iti^a.fAfeif 
£5'f^» uTfiilly c^il i the M^ of tUp Ffirfl<ffa^ 



f&^ 



p. I. 



of ideSnfttotist. 






). Thu Ordinate which pafTes thxo' 
Ibe Fo^K^i, dr burning Point of &t Pa» 
wmMa^ is call'd the Lotus ReShmy or 
J||g£pr p4rmnAery (as in the ElHpfa) 
kccauife by it all the other Ordinates 
frcfariiond^ and may be fo^od. 



4* The Nodey Focusy othtrning 
^0inf of the ParakoJoy is a Point in ib 
Asb (hit not a Centre j as in the Btti* 



p:fis) diflant from die Vertex^ or.Top 
cirthe Seaion> {yvL.frem SjjfA i part 
^ihtL^usJte6him;ufaiikhemtwn 




fvtheroiu 

5. Ml XigbtJines drawn within a fardbola parallel to iujxii 
: call'd Diameters ; and tvtxiRigbt^line that any cf thofe Dioi^ 

wfetersdoAi bifefi or cut into Two lequal Parts, is fiid tobeao 

Oir£nat0toliaaADiaif^ervf}Ad^ ^ 

SeSl.'^. 

. If a Cone.be any 'whei^e cut by a Xigbt-finej dthcr parallel to 
its Axisy (asS JjCr ciberwife asx Njio9& the cutting Line be- 
ing continued thro* one Side of the 
Cone (as at S or x) will meet with the 
ocher Side of the Cone if it be conti- 
nued or produced beyond the Vertex K, 
as at T; then the Plam of that Se£lipn 
(viz, fbf Figures iBB^SJbcaii'dm 

X. AHigbt'Une beiiig drawn thro' 
die Middle of any f^perboloy viz. 
within the Seftion, (as S A^ or x N) 
is call'd the Axis or intercepted Dzame^ 
ter^ (as in the Parabola) and that part 
of it which is continued or produced 
but of the Seaion/ until it meet with 
jrhe other Side of die Cone continued, 
iriz. TS or Tx^ 8cc. is calld the Tranf 
perfe Diameter^ or TVanfperfe Ants of the ffyperholn, 

a. All Higfrt-lines that are drawn within an Hv -crl . :a^ 
JtiibUA^g'fs to its Axisy are calld QrdinaUs Hghilf \zrf. v i ; 

'^\\^Et!i}fts7ixAPi;rat9la^ ' 




at 



That 



^ 3. That Ordinate which paffes djro* the Focus'^tkc ^p- 
loUi is call'd Laius ReStum, or ii;^^/ Patmetery for the liuae fa|p 
fon as in the other Scfilions* 1 

4. The middle Point of the If ^/i^ir Diameter h^caSPd'A 
Centre, of the ihperhola ; from whence may be drawn tmo JQ^m 
lines (out of ^ie Sedion) cdl'd 9f^mptetef, fcccmfe they -^" 
always indine (tf;at isy com ni0tef and nearer) to bocfa ^ _ 

of the flyferioUy but never x(\efX wtb /or touch) itoo, a]4i||i 
both they and the Sides of tlm Hjf^ie^a. were infinifieljr (txte^\ 
ded 5 as will plainly appear io its proper jsJacc, . ^/j 

ThefeFivc Seaions, ufz.' th«f IH^le^Ctrels^ SSitjis^ JP^i^l 
}o74, and Hyperhola, are aU the Plaids chat ean poSUy be pnxftt* 
ced firom a Cone ; but of them, the TAree Laji are .only caftt 
Conick Se^ioni, both by the ancient and modecu Qeomrtjer^^ 

. . Scholium. * ' 

BeiSes the 'foregoing Deflnitionsy'k'mij not be iiftift to^nfeiy 
by way of Obfervacion, how one; SeSion may (or rather dottr) 
change or degenerate into another; 

An EWfju being thjit Plain of any Scflion of the Cone whidi 
is between the Circle and Parabola^ 'twill be cafie to conceive 
that there may be great Variety of EJliffes product frcjm die ferBt 
Cone; and when the Sedion comes to be tJzQUij parallel to otie | 
Side of the Cone, then doth the EHipJls chatiw or degenerate 
into a Parahola. Now a Paralofa being that Section whole Plain 
is always exaflly parallel to rhe Side of the Cone, cannot vary, as 
the Ellipjps may 5 for fo foon as ever it begins to move out of 
that fofttionj (viz. from heing parallel to tb? Cone's Side) it del 
ge^ieratcs either into zu ElUpJis^ or into znHyperMa: fhatis 
if the Scflion inclines towards the Flaiii of the Cone's Bafe, it be- 
comes an Ellipfis ; but if it incline to^vards the Cone's Vertdii 
it becomes an hyperhla^ which is the Plairt of any SeSioa that 
falls bct^vccn the Parahola and the Triaffgle. And therefore the»e 
may be as many Varieties of Hyperholns produced from one anj 
the lame Cone, as there may be EUipf^is. 

To be brief, a Circle may c^nge into anE-UpftSj the ElUpJii 
into a Parabola, the ParaboU uito.an ffyptfrtoia^ and the Hyper^ 
tola into a plain Ifofceks Tri^^e » And the Ceotre Qf the Cud^ 
which is its Fbcus or bor^jg Ppint, <Hoti^i as it where, part ot <% 
vide it fclf into two Tocus's fo foon as ever the Cirde begins to 
tffcgcherate into an El'ipfs ; but when the £/7rp^j changes inro 
% Parabola^ onc^end ot it flies open, and one ot it$ Fi^f^rjVvS 

nilhcs, 



QQncerninx the (gflfpgg^ i6x 

niihes^ and the remaining Focus goes along with the Parabola 
tvhen it degenerates into an HyptftMa : And when the Hjpertola 
Sjegenerates into a plain Ifofiefes Triangle^ this Foc^s becomes |he 
tfenicM Poirit of die THanglt fvft. the Kert^x of the Cone) ; fo 
that the Centre tit the Cone's Bafe inay be trrfy fifid to pafs graJ 
^lly ^ro'^ tfaeSefiions^ ^ntiHt arrives at ikeKertex of the 
Cone^ 1)^ fjxtjfii^ its laifij i(eSium along with it : For the Di^ 
winter clEsk s^^ hdt^ xY^^ighPimg whicb^^apfes' tbrO* its ikm 
tri OK FhcfHi.vi^ by which aQ ^ix^ RigbUum. A^n within the 
Circle are regulated and valued, may (Ifrefi^me) be properly 
odl'd the Cirde's Lotus ReSium : And alcho* it lofes tbe< (l|me 
oi Diameter when the Circle degenerates 4nra'aiii JBSipJis, 7^3 
rctaiiis the Ns^me o( Lotus ReBtOn^ with its grA Propernes, ^.^ 
the Seaions, gradually ihortciii>ig as the Fii^^j carries it suoag^ 
from one Se£^ion to anothet, uhtn at laA it and the Vocus become 
oo-inddent, and terminate in the Vertex of the Cone- 

I hkvc been more particular and fuller in thefe Definitions dian 
is ufual in Books of this SubjeBt-whlchl hope is no Paulr, "but 
will prove of Ufe, cipccially to a Zearrter : And altho' they may 
perhaps ftem a little ftrange, and atfirft hard to*ll>e underflood, yet 
when they are well confider*d, and compared mih % Cone cut into, 
iuch Sedions as have been defined, they will.net.only be {otnrd 
tnie, but wifl alfo help to form.^atrpe andiJctekjF^ /i^ii of.eac^ 
Seaion. *..! . \: " /. ; - * ^^r- 

r '. .••■■-•• "t^ 

CH A!*. ,n. V " ' " 

Concerning the Chief Trdferties of an ^^, 

> Note,, If the trafffverfe Diameter of an ElKpfis, ds TS in the 
following figure, he interfeSled or divided into^ any Swo Parts 
hy tf« Ordinate rigj^dyapply'd, as at the Poinds AyC^a^ &c. thsH 
are thofe Parts TA TC, Ta^^ a»dSA,t C; S.i,^c; ^ually caU 
Jed Abfcifla's, (which fignifies U^zes or Farts 'cut off) and hjf 
the ReBan^e of onj two Abfcilfa's is meant the ^eSikngle pf 
fi^h two\parfs as, heing added together, will be equal to the 
Tranjverfe Diameter. ^ . 



listJ + sA^TS.^ And rc + 5Cs3: rs: 

Oc TJ-^S Aj^TS^ &c.^ 



Sectm 



i6\i 



€tmU%f^atimisi 



BwtlV. 



S^iiM -I. 

Evety ISSHtf/i is pcqwitioo'd, aodallfiidiLiiKsas ichtetoi 
tte (Cigalated, l>f the hap dF one gitneral r<&Mrnff. 

r As the RiBim^e of any tmt Abfidl&'s : is to th 
_^^ ^ $aure of any Ordinate vaibich divides tbem : : S 

i^Sfmtrof hdf thai iMaauxwbkbdivideM iba 



TfaatiSy 
TA%SAi UiAiita%Sax Q** 



S>em8iiftcafiM. 

' Let the annexed Figure repieftqt a Ridit Cone, cut thro' both 

Sides by die Ridtt-line rs ; then 

^ the Plain of that Se^on be an 

mUffts, (by Sr5. a. Cbaf. i.) TS 

lArid be die Jhag/vtrfe Diameter. 

NcN and » 4 » Witt be Ordi»ates 

fjgfrtlj Afplyd i as before. 

Again, ifdic Lines HdandKk 
be paraOei to the Cone's Bofe, diey 
frill be Diameters of Circles (by 
S«fiP. 2. ChtP. I.) Then will aTC/T 
and 74 O be ahke. AlfoA5«</ 
and A^CAwiQbealike. 





Ergo 

And 

I V 

a .'. 

2X? 

Btff 

And 

Then 

Rence|p 



SaxaditSt : Cti xa--— .« 

TC iCKtiTrt taDf^ Tbeorem ij^ 

Sa%Ck^ad%SC 

Ta%CK-=TC%aD 

Sa%CKyjA X CK^ady^ SCyOCy^aD. Pet >f>n^ J. 

aDyiad:ma^af^^'^'^^'^' 
for CiTxC*, andtfDX4i^,take O W^C*«od Q** 
Say(,Ta%aNC-=:Tcy.SC%ata Vtt^im^ 
SaXr^.-D^i-rCxSCja Arc. SeePi9«'lp4. 
— — • Q.E.IX 

Or 
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concernin;^ the (0lli|jft3. 



'^c>y 



Or,. the Truth of thefe Proportions may be oilherwife jroy'ii bj^ 
a Circle, without the help of ^he Cone ; thus : • 

Let any ElUpfts be circumfcrifd and in^ctiFd with Circles, a^ 

in the following Figure ; then from an}» Point in the circumfcrib'cl 

Circle's Periphery, as ag B, draw the Ri8;h;:-line B d^ parallel ti> 

the fcmi'conjugate Diameter Nd^ then will h a be a Semhordifzdt^ 

> rightly apply d to the Tranfverfe Diameter Ti* ^ as before. 

Again, from the Point h (in the Ellipfi$\ 'Periphery) dxz\i 
the Right-line b d parallel to the Traii&ark TS i and draW th9' 
Radius bC. 

- Then will ABC a and A c/^ be alike, . 



iti<ii««. 



Therefore 


I 


But 


2 


Coiifeq. 

Or 

4 in D's 


3 
5 


But 


6 


Therefore 


I 



dc 




DTciDNCi 



jSO:Bn::Qf 
' \ per Theorem i^. • 

cTCszBC,NC:=zCf 

l and ^ Vi - </ C 
TC:&a::Ncth a 
TC: NCTi'&aiha . 

,1 r^ X S ^ rr: a B ^ ' '*• 

( per Ltcn.pct. 2. c/:?. i. 

rr^x-^^: n banrcy^sc: 

L as before. 

And.fo for any other Ahfctjfas^ mixhwSemUordh:ate.\^ 

Thefe Proportions being found to be the true and coiiiH]KKi\Rr>**' 
"pixne^cSt^tx^EUipfis^ all that is farther' rec|utc*ti iii, (a^I/a^O^/^ 
that S^£?/o» may be eafily deduced /a-ovw them. - , -■* 

Sea. 2. To find the Jlafuflt Kctfiim, . or TXi0. ^tktmitUf 

of anj Ellipfis. ' \ . \ 

There arc feveral Ways of finding the L^fus ^eclfim, tut i 
Ihink none fo eafie, and Ihews it fo plainly to be the Third piia- 
cipal Line in the El/ipjisy as the following '* 

r As tb^ Tranfverfe Diameter : is i^z Propcrtid^ id 
^l»ii>i>m- -i /^:^ Conjjgate : : /o is ibe Conjugate : to^ ih: 

y\z.(in the following Fi^.) rS : Nn : t Nn : L/^ the Lntus He5l?m, 

Drniflnffrr«tk.n. 

From the laft Propoyf'wTS rake eitli^r of the AfiteceJe'it-;, and, 
its Confequenr, viz. either Tc%SC Q A' c, '^^i' Ta xsa : n^j« 

b :: b . * anl 
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and make rS the Third Tcnli, to which find aFoardi Propoi* 
tidial, and it will be =r £ ^ : 



Thusj 

But 

Therefore 
And 

6X4 

• th 
Again, 

10 



TCS%C:a^o::TS:Ll^ 

STC—SC 

\KvANC:=zC?t 

ifaTS^LR=^in^^y^TS 

which gives the following AnmogJ. 
TSiNnixNni LR 
STC%SCiU NC'.iTay^SaiU ha 
C By common froperiies. 
TSiLR:iTa%Sai Qka. 




■ From hence 'tis evident that L i?, thus found, is that Ordinae 
fcy which the other Ordinaies may be regulated and found. 

' I'ijereforc (according to Hs Definiiion Scfir 3, Chap, i,) ic » 
^he true Latus F{eSlum. Q. E. D. 

Canje3ary, 

Hence it follows, that it the TranWerfe and ConJHgate Dia- 
meters of any ElHpfu are given (either in Unet or Nund^ers) 
the LaXm I{;ctum may be eafily found ; and then any Ordivafe, 
whofe Diftawce from th« Conjugate is given, may be found j M 

Seft, 3. Ti fiad the jHomB of any Ellipfis. 

The Focus is the Diftancd of the Latus ReEhm from the Con- 
jugate or Middle .of .the EUipfisj fvtde Definition 4, Page 558.) 
. and that DiftaiKe is always a Mean Profortional between die 
Half-Sum and Half-DifFerence of the Tranfverfe and Conjugate 
pianaeters, which gives this Tbeoreni. 

r From the Square/)/ half the Tianfverfe fuhfhaSt 

mfi> J^^^ Square of half the Conjugate, the f^Oare Rcoi 

S/tJ^Ojem. •% ofthiir difference will he ihn Difiance of each Fo- 

Ccxx^frtj^thre middle or comrnontentretff the fillipfis. 

That is, ilippoCiig the Points / and F to be the two Focuses, 
yiz. /C= C F, and TC - \ TS . NC.= ; Nn. Then, 
tC-^ im^fCi^ FC : T C. EreropF Csy p JC — Q NC. 



Chap. 



2. 



concerning the CUip0j3?. 



?7t 



TS%LRtsn Nn. Bjr 8 Step of • the laft Process, 
TiS : tif : : r F X S F: D LF, per common Propertiet. 
TS:LR::TC+ CPy^TC—CF: \ UUR^ ULF 

\ UTC-^UCPy.LR 
iLR%TSz=i D TC— D CF 

\TS%LRsii\nNn—NC t| 
nCI'rs n TC-^NC 

cF= ^orc—a^c 

Now from hence is de(}uced that Notable Prppofition, upon, 
ivhidi U groundel the ufual Method of deicribing an ElUpJis, and 
drawing of Ta»ge>tti, 8k. 

r {fffom the two Focus's o/ ««)r Ellipfis ther/f he 
— « . . \ drawn two Right-lines, Co as to meet each otbir 
pjapOttttfln. "J i„ any Poifrt of the ElUpfis's Periphery, tbs Sum 

L of ihofe Lines toi7/ Je £j»/j/ f o fi&^. Ttanfverfe, 
^%fN%NF^TSjL-\-LF=TS. OtfB-ABF^TS, 8m,' 
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Thati^, 
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4-rU 
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t^irft, 
But, 



3 «• 2 
Hence 

Vx>nteq» 
But, 

7 •.• 
But, 

That Is, 

8 X4 
»oxu 
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7 
8 

9 

10 

II 

12 

?3 




JaCFxaM"— arc 

I ij^thof the laft. 

I ^jf Theorem Ii. 
Jui^F^UTC 

I ^t Axiom s. 

NF~TC 

2NF==f2TC^TS n B 

TS'.LR:: TF^FS : qLF. By common Properties, 
^r5:4.I^::rFxF5: D LP 
s.TS = TC. And',Z:j^ = £F 

rc : LF: J rC 4- Cf X rC — (7f : n Z F 
TCy^LF^ UTC — nCP 

nfP-V-Q L F=; □/!.,>» Theorem ji. 

4 D C F+ D X. F== n/£ £Sr 2CF: as/F' 

4rcx£F=4.a rg — 4 CF 
4 D re + a LF=4r cxz'F74- n/z 
^ a rc:-.4rcxzF:4- q t F= d/z 

ebbs i^wa 
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2TC ^LF—fL 

2TC-fL + LF. But2rc = rs 
fLyCLf-TS. Q.E.a 



And this Propofttion mvift needs hold true to every Point ji| 
fbe Etlipjis*s Feripbtryy viz. at jB, £^^. as will evideiKly appeac 
to atjy one who ri«htly coiifiJers, l^hac 

As ithrerJ juft the length of the Diameter of any Circle ha-* 
ring its iv-^o Ends ty*d together, and then mov'd about a Point iu 
liie Centre, (viz, ^v making it n dmhle Radius) will, by drawii^ 
aii.^her Pcip.t in its Extremity^ defcribe the Periphery of a Cir- 
cje, [z'i'fe Defiuidon Page' 280] even fo. 

If 2iTbrt;ndy^^ the length of the Tranfverfe Diameter (^rSJ 
hnntig i:s two Eids fo 6x*d upon the two Focus's (f and F) a? 
th^^t irrtiay b^ miY'd about them, by drawing a Point in its fie* 
frr//jiiy ^viz nt its full Stretch) it will dfefcribe the true Peri- 
rfe^'Y of an Eilipfts. 

Now, altho' this cafie Way of defcribing, or, as ufqally phras*d, 
draiving an ElipfiSy be mechanical, and known even to mod 
S^'VverSj Cnrpe;;tdrs, &c. yet it gives as compleat and clear an 
J/ua of that Figure as any other way whatfoever ; and by dcfcri- 
biiig it thus about its two Focus's^ as a Circle is about its Centre, 
doth plainly Ihew thnfe two Points are not improperly call'd partis 
cular Centres m Defi:7iUfin ^^ SsB. 3, chap, i. for each of them 
bears much the fame refpe^ to the £llipjis*s Periphery, as the Gir- 
dle's Centre doth to its Periphery. 

Sefk. 4, To defcribe or delineate an EUipfis fev^^^ Ways, 

, There are feveral (pther) ways of defcribing an ElHpfisy both 
Geometrically and Numerically, according to peculiar Occafions, 
l>ut I Ihall only mention too or three of them, leaving the reft to 
the L^arntrs &erjius. Now, in oi'der to that Work, it will be 
ooiM'cnient to confider what JAnes are rcquifite to limit or bound 
1::$ Form, which I take to be chiefly diefe following. ' 

I. If the Tranfverfe and Conjugate are given, the £//i/»yjj is 
f'irrlaly limited; {y.\de £onfc£lary Page :^62.) for if 7 5 and 
Nr: be fet at ^hi-avghs in their middle atC, and TC or (75 be 
^-5 ^IT'' ^H"^ ^'^ ^^ ^h both W.-tys up ni the Tranfverfe to /and F^ 
('viz.' mnk'^ f A" '=z TO — N F)^xhen will thofe Points /and F 
be <he t^vn^Focus's, (^fA^h Stepqf the laji Procefi) and then 
:hc E. jrjuliidy. be defcrib^d as above. 

.-.'*■ ' .:'■"■■ 2, If 
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2. If the Tranfverfe Diameter and Latus ReStum are given, 
the EUipfis is truly limited, becaufe by them the Conjugate may 
be found, by Sc(a. 2. 

^w Or if only the Trnnfverfe^ and the Proportion ic hath either 
to th^ Conjugate or Latus ReSlum^ be given, the ElUpps is 
tliereby limited. As for inftancc ; fuppofe the given Ratio be* 
eween the Tranfverfe and Conjugate to be, As ^ : to ^f : 

Viz. a:d::TS: N n, then TU^zrzNn, &c. 
f a 

^1 4. If either the Tranfverfe or Conjugate, and theDiflance of 

^be PV?^«J from the Conjugate be given, the Ellipps is limited, 

fcecaufe by them the Conjugate or Tranfverfe may be found. 
. Thefe being premised, and the precedent Work a little confix 

dcr'd, it rauft be eafie to defcribe or delineate any ElUffu in 

PlanOj cither Geometrically or Numericajly. 

l.Tq defcrihe anYXvi/Ci^ Numerically ^ by Points. 

Suppofe the Tranfverfe Diameter TS -zz 20, and the Conjugate 
Nn = 12, (either Inches^ or any nt 1 j 

other Equal Parts) and let them ^^ — ifr^-:^ 

crofe each other at Hjght-angles in /^ \ :77x 

their Middles, as in the Point C 5 ^( i : : M i i j \ 

then will r ^ ■=- C S =i 10. ^\ " ^ufirHlTHjS 

AndiV^C = C« = 6 .V N1jH]y 

i^nd it will 20: 12 :: 12 :7, 2 "^^---.JjJJi-^^ 

= thi^ Latus ReStutfi. n^-hd 

Again 20 : 7, 2. Or rather take their Hfliio 

C I : 0, ?6 : : 10 + i X lO — i • Ua. \\ i. 
Thus ^ I : o, 36 : : 10 + 2 X 10 — 2 : Q^- 11 2. 

C I : o, 36 : : 10 4- ^ X 10 --jjjp^. || 5. &c. 
f lOo — iX0536=n^.i- Hence s/^gxo/\6=^jpy8ccr=:a,i 
Ff^;. < 100—4X0,36=0^.2. . ^ 96x0,36= 5,88 g:c,=^.2 

C 100— 9Xo,36z=:n'^.3* V9iXp 36=5>72 &c.=rf:5 

If fo many Semi'Ordinates as may be thought convenient (the 
more the better) be found in this maimer, and every pne of them 
be fet off at Right-angles from its refpe^ive Point in the Tranp- 
verfe Diameter each way, viz, from i to a^ from 2 to^, from 
3 to dy &c. Then if a Curve Litie be carefully drawn with an 
evert Hand thro' thofe Eittream Points a^ h^ dy &c. it will be the 
Elliffiss Periphery req^uir'd. . 

2- 1> 
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2. To cUfcribe om Eilipfis Qe^metricdllj Ij Foinis. 

Having the Traofverie aiid Conjugate Diameters givei), «iz. TH 
t^ndNvj pbced at RightaTg'es iiy tljcic Middhf^ A% before jj 
Tlieij Uotfk cither End of tlic Conjugate, wz. N for n) fet oif 
half the TranTverfe Disuneter to x. 
That if, to make iV;^= rc, (co't-^ 
tinning the Gmjugate Nn when 
"iis JhortertbanTC) Or, which 
is allon?, make Cx — TC^ NC. 
Th^n ^ke any Point in the Liiic 
C x^t plea(ure : Suppofe it at fi ; 
aiKl from that Point at Gfct f>ff 
the Diftance Cx to the TranTverfe 
(as at E) vij(, make ^ £ = Cxj and joyn the Points G E with 
fiRiehtUne, produced fo far beyond^ as to make ^ $s=zNC 
Confcquently GB^TC, 

ITien, 1 lay, whpre-eyer thp Point G was taken bet%veen C and x 
^ poipt 8 will juil toucji (pr f^l in) the Ellifftss 'P^rtpberj. 

3>emonftrAtton. 

t)raw the Right-line B A perpendioilaic to TS, viz, let B A 
be SI ^emi-or^ivate rigJjtlj apply d to the Tranfverfe Diamctet 
TS I Then A G c jEand ^*B ^ 5 will be alike. 

C£i A EiiEGiEB^ hy Theorem i?. 
CE^AE:AE::EG+EB:EB. Seep. 192. 
C £:-(-^£=C^. ,EG M Ebzz:TC\ And EB=NC 
CA.AEiiTCiNC 

UCa : UAP'.: D T \0 Q^C 
tCA.QNC^^^^ 



Confequent 

J, And 

But 

Therefore 

^f in D s 



5t '*' 

But 
lliat is, 

6> 7 
P ± 



8 

P 
10 

u 
12 



arc 

n Nc ^U AB^UAB 
QEB-^ P ^B= UAE 
U_CA Y, □ JVc 



= a NC^ U ^B 



arc 
uca * aA^c=:niVcx nrc:=n^*x arc 
daTx nrcr^pc^x Divc=D4Bx arc 

TC X cs ; □ A^ : : re X Ci4 X re— c^ : n^B 

\^'hich is according to the common Properties of the Ellipfis : 
J i;(i^.ci"orc thq Voi^ -B is trU|y foun<|- q. E. D. ^ 



m 



> j:... .yj^-.K^y ... ^ .^v.fvj.,^ .. .. "^-^-^^ 
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Hence it follows, ,that if a convenient Number of fucb Linc^ 
\ G E Bhtto dra\7n (as above direftcd) ffom the like nuof)rfaer 
r Points taken between C and x, &C4 their Extrearii Points' 
bs at B) will be thofe Pgints by which (ixnth an even Tidizd) 
|e EVi^Jis^ may be truly defcrib'd ; as before, 
j Buc^,ir this be well underfloody 'ti^rill be ^erj eafte tO ddncelvd 
p^ to defer ibe an ^llipjis very readily, without drawing thofe 
O^iies, by having a thhy ftf^ghf^ narrow Ruler juft the length 
t TC^ made fomewbat warf at both Ends, upon which^ from 
1^ of its Ends, fet off the Length of NC. Therf, if th^ Poind 
p>n the Ruler which reprefents JS be gradudly or eafily nto^cd 
png the TrafifverfeTS, and at the fame time the Point or End 
iprefenting d be kept Hiding clofe along the Conjugate iV*,^ 'tis 
tVident from the Work above, that, the End of the Ruler repre* 
enting B will, by that Motion, afflgn the true Periphery of th6 
Sllipjis required ; for by that motion the ftreight Edge of the 
filler doth fupply an infinite number of the aforcfi»id Ones; asf 
irill appear very pLdn and eafie in Pra£lice. 

Schotittm. 

' Mow ftdm hence was dedue'd thefirji hventtcm of thalt ^\U 
fiontrivd Infirumeni for drawing an Ellipjishy one Motion, com^ 
monly calfd the Elliptical Compaffes^ being ufually made of Brafs^ 
ami composed of Three PartSy Two of which reprefent (or raibef. 
fupplj) the Tranfverfe and Conjugate Diameters fet together at 
Right Angles ; and the Third fori is a Moveahle Biuleff which 
pem)nns. the office of the lad-fn^ntion'd thin Ruler. ;But becaufe 
the making of it is fo well known to moA Mathematical t^flru- 
ment«makers, specially to that Accurate and It7g37iioui Ariifi 
Mr. JOHN ROWLEY, Mathematical Inftrument-maker^ un- 
der St. Dunftan's Church in Flect-ftreet, London 5 who for hi^ 
^r^^if Skill in contrivingr framingy and graduatwg ^Si kind 0/^ 
Mathematical Infirumentu may^ lielieve^ Ve jujily called One 
of the hefi Wtyrkmen of his trade in Europe j 1 think it need- 
kfi dicrefore to give tl particular Defcription of that Infirumeni, 

Alfo from hence came that Ingenious Int^eniioH of making 
' Engines iov Turning all forts of Elliptical ct Oval Work^ as Oval 
Boxes, Piaure- Frames, £?^ 

^0- 
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Sea. 5. Any Ellipfts being given. To find its %tmt^t 
and Conjugate Diameters. 

Suppofe the given EUjpfts to hzTNs ?t (in We annexi 
Schetne) in which let it be requir*d to find the Tranfverfe Dial 
meter TS and its Conjugate Nn. Draw within the Ellipfti aoj 
Two Right Lines paralicl to each 
other ^^H h and Mmj and bife£l 
thofe Lines, viz. find the Middle 
Point of each, as at ij and P ; 
Then thro' thofe Points K and P 
draw a Right.Hne, as D A, and it 
will be a Diameter ; for it will di- 
vide the Ellipfis into two equal 
Parts, [See Defin. I, Page 257.3 
Confequently the midSe of DA will be the trucMiddk or com- 
. mon Centre of the Ellipfis, as at C. 

For 'tis the Nature or frofertj of all Diameters, bowfoever 
th^y are drawn in any Ellipfis, (as 'tis in a Circle^ to cut or crofs 
one another in the comnon Centre or MiddUe of the Figure ; as 
atC. 

Upon the Point C defcribe an Arch of any Qrcle that will cut 
the £llipli&*s Periphery in Two Points., as at b and h \ then joyn 
thofe Poiiits B h with a Right Line^ and it will be an Ordinate^ 
through whofe Middle (as at a) and the common Centre C, the 
Tranfverfe Diameter TS muft pafs. 

For fl 5 = J *, and Ba'\& at Right-angles widi TSi therefore 
the line b ^ is an Ordinate rightly apply d to TS the Tianfveife 
Diameter. And if thro' the Point C there be drawn the Rigtic* 
hne A^« parallel to B^3 it will become the Conjugate ; As was 
lequir'd. 

Sea. 6. To draiD a Sangeitt, or Right Liue^ that may tmb 
the Ellipfis's Periphery in any Affignd Point. 

The Drawing of Tfwgents to or from any aj/tgnd Point in the 
Ellipfis s Periphery, admits of Three Cafes* 

C^fe r. If it be required to draw 2l Tangent thzt may touch I 
the Ellipfis in cither of the Extream Points of its Tranfverfe Dia. 
meter, as at T or S, it is plain the Tangent muft be drawn 
parallel to the Conjugate Diameter iV», 93 H K in the fuUow- 
iag Figure is fuppos'd to be. 

Ofe 




Cr^ ag* 2> Honcermnq the (0Hft)0iS?4> ^ '' 3 7^ 

. C/z/> 2. Or if the Tavgent mufl be D^/zw« to /o«r^ the'JEHipJts 
ih either of the jB^ffr^/ww Po/«fj of its Coiiju^afe Di^tft/i^^ as at 
A^ or ^i^tis as evident that it muft he Drawn parallel to th^ 
TrA^veyfe btameier f'5, as AT ^. Cohfequently, if thac 
Tangent j2in^t\it Tranfverfe Wtxt 
both ra^nitefj coTztimdy they 
fjrould never iw^^f, 

CWJ3. But if it be required 
f 6 dfraw a Tangent that may 
Thucb the ElUfjis in ^ny other 
Pkfinty as at 5, &c. 

Then if the Tangent and thti 
Tranjverfe Diameter be bpth qontintf<J, tl\ey will ^^pe'f in ibmc 
Point , as at-P; and thofe I^;o /'oz^fj (viz. B andpj.do.fo, 
mutually depend upon ^ach other, that one of them m.uft be 
j^^gnd in order to find the other, that fb iS^tTangeni may by 
t&ttaht tt\A^ Dr^mm. 

L.tt Bruits .jz=AS: Aniz=:A,P: Then if y be 

eiven, i may be found by this Theorem -i ^^ ^^ =s 2 
• Or if z be given, jr may be found by.this Theorem: 

S>^moitllrktib«. 

Ijraw the SemUoriinate l a^ as in thejF/^^r^ ;. then, ivjll 
A B -4 P and A haP he alike; Put a: = ^ zi the ti^s^ce 
between the Tnxio Semuordinates (viz. hetween B A and ^ ^^ 
which we fuppofe Infinitely fmall. 



-Then 
But 
TKaf i^,- 
I in n's 
Sujppofe ' 
3v.Then 
4^. And 



liz :z — x\ 



B Aihn. By Thioremi':^. 






n^tf 



zz : zz— 2ZAr+'V.v iiUB AiQl^a 

xz=o That fo A? may be every where rejected. 

Dy—yy : J^y—yy f 2);— D : : n BA : Qi a 

zzzzz — 2z ; : a BAiQha 

^y^'ji' ^J^--J[y+2y— D ::2z:zi-^2i 

2yzz^-^Dzz=:2yyz — 2Dyz 

yz—\Dz=yy^Dy 

iDz^yz^Dj—yy 



G c € 



xr-r 
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That is^ 




I2!z 



^ 07-W l f Which b the jft Tbeerem^ 
-^ |S^~5 j ^ g^vcs the fdlpwii^ ^f^^ 



i3JiZ)J,:j::D_j:z. \iz. CAiSAiTAtAl^ 
i6'y — 4D^-;y = ViPD4>i z2 , •^ 



IrAw. Q.E.I>i^ 




The G^ojw^frif/?/ Performance of thefe two Theorems is 
^ijj^r, as by the following H^r^* 

1. Suppofe the Point B in the ElUpfts Petifbery were given^ 
tnd it were Vequir*d to find the Point f , &c. 

Make rC Radius^ and upon the commn Cent^ C Dejayh 
the Semucirch T d S, and /oy« the Pdifff i C artd i with a i^^jW 
Z/;z^j then hijea thit £i«^ (by Proh 2, Pi??. 287) aaMT 
mark the Point where the Bifeciing Une would Crofs the ly/w/- 
tTc'r/fi', as a( || ^. Upon that. Ptkint || ^, with the Radius Ce (or CJ) 
Diffrihe another Semi circle^ producing the Tranfverfe Diamttf 
to its Periphery^ and it will ojffFgn the Point P. 

For if fl = rS . 5 = -4 S .z:=iAF. asbefoce» 



Then 

And 

For 

And 

But 

1,2 



D---y%jz=:ndA 

}D^jy.z=ndA 

TAidAiidAiSA 
^Aid AzidA: A P 
C A — iD-^yyScc. 

as at the i iStep bebre 



I 




Therefore the Point Pis truly 
found.- CQ?zfeque?itJy^ if a i^f^/^r if«^ be draWn dirou^ thofe 
Points Band P, it will, be the I2i«gtf«^ required, accowiiiag to 
i\itVix& Theorem. 




As before • *and Bifc^ the Dtftance between the Points CandP, 
a* at II e, viz. LeiCe—cF. Then making C e Radius^ M^ 
on the Poi;/f II ftl defcrihc the Semi-cirele C k P ; and from the 
Po///f where the Two SemiMrcks intetfeft or crofs each othfin 
as at 11^, draw iheRi^l^tLine d A perpendicular to the Tranfoerfi 




Chap. ^• Concerning the Cii^00« 37P 

TSy aod it tvill Affign^ tjie Poini of Co;7/^(S B in the Z////^)? j 

Periphery through which the Tangent muft pafi. 

But ^PraBieat Methbd of drawing Th77genU to any 'ajjisfid 

Point 'mthtEHrt^fiiPtriPbtny may {iuifbota finding the afore* 
faidP0imF) htEaj^l^Atiactaftom itc foUowingf ra/^^f^tjFof f^;!?- 
jp^»|jt Dmwn to a Cirr&, which i^^. 

If to any l^adiui qI£ a Circle y a$ T B^ 
these be drawn a fa^geT^ JLiae ( as &X^) 
|d 2i>ucb the I(adius at the P(^;!rf B^ 
fhe Tw>^,An^e$ wftich the TaHge^it 
ilulkies \vith tire i^uSy ^H alu^ys be 
Troe /?7;gAf ^»^/^j (^ i6^ ijy 18, Ip 
Mwtid. 3.) 
That is, ^ HB C= -s CjB j; =^0^. 

In like Kfennec the Two Angles ipade betiVeen the Tangeni 
andtho3%yo Iz«^?j drawn from thei5WiW"*x6f:anyE^/;»/?rtD the 
Point of Contact, will always b^ ^qual, biit not Right Angle s^^ 
&VC only at the Tmo E^ds of the Tranherfe^ Diameter. 

Thele being well confider'd, ahd compared with what hatH 
bccnfaid in P^^^ 366, itmoft mtd&h^ Mafy to undcrftandthc 
foUowjM Way ofdrawiqg Tang.^^ts tq, 4ny Ajigfhd Vpint in 
the Mhffis Periphery ;. which is thus ; „ 

Having by the Trantver/e and Co?ijugaU Uiameters found the 
i^wo Pocuis f zxA Fy hjSeSl. 3. from them draw Two Rfght 
Lines to meet each other in th? 
uij^fft^d Point otCofnaByZS /^and 
F * f'or /B 4ind F jR; in the An- 
nend figure. Next kt 0^ ("viz. 
i^^^r > d^i F, (or BD:=^B F). 
and Joyn the Poi;^f i Fd(oiFD ) 
with a iP/^j&f £i«^. 

Then, l&yi if a ll(gftr li'^^ be 
drawn through the "Point of QontaSl 
h(or B) paraUelxo d F, or (D F) 

it will be the' Tangent requir'd. « ^^ ^ , . , 

For it is ^arn, that as the t;: fNH-^ PNK wlw the 
Tau^M is parallel to the Tranfverje Diamier, even fo is the 
x:/* A = ^ Fiit, (dnd^f^n- ^FBK) and w^bc 
every where fo, as tht Point ofContaSbCor B>andusT/wf. 
^nt is carry'd about the El^ipfts Periphery with the Ijnesfb P 

f^f^BF^ ; ' 




C G C Z 



CH AP* 



j8o 



^nicft ^ecrionis. 



ParrtSgt | 



I^ 



C H A P. HI. 

OftKifrnin^ thf C/hi(f Properties of every parabola. 
OTE:, Ipfepery Parahela^ the intercepted Dimeiety ^r 
H(ai Pari of its Axis which is tepmeen the VerUsc Mm4 
that OrSinate which limits its Lengthy As S a or S Ay tos. it 
(alVd Ahpijfa. 

iSca. I. The Plain orFifftre of every Paraiola^' is frofOKtion4 

hy it{ Ordinates and Alfciffa's, as in the following Theorem.'^ 

■ CAs anf one Alfciffa : is to the Square of its S^mfi 

1f0^W}tm<ordinate : : fo is any other AJpfciJfa : to the S^^d^ay^ 

^'•^ C^ its Semi'Ordinate. 

That is, if wc fuppofe the annexed 
Figure to be a Taralolay wherein &, and 
S A^ are AhfciJfa'Sj axid h ah, BAB^ 
Qrdinafes £iibtly^zff\{d^ it will 

And fo for aiiv otjier Aifciffa^ icj. 

SD^monffration^ 




Let the following Figure H V G rcprcfent ^ Xffbt Confi cat 
into Two Parts by the Kigbt lane S' Ay farallelto its Side V H: 
^hcn the Phtn of thdXrS^^ipn^ viz. B h S h B will be a Para^^ 
?d/tf, by Se^ . ±. Page 358, wherein let us fuppofe 5 ^ te be it3 
AxiSy Sindi aby B A B loht Ordinates rightly Apply d to thar 
Axis, 

Again, Imagine th^ Cone to be Cut by the Right Une b g' 
faraly to its Bafe H G. XKen wiB Jb^be the Diamefer da' 
CircUy by Se^l. 2. Tag:^ 357, And A S ^ ^ like to hSA & 
USa:ag::SA:Aa *^ . . . . 

1X^:1 Theorem i^. 
iSa%AG:=:SAy^ai 
, J Sa)iAG)<shaz=:^%agyfia 
^ \ By Axiom 3, ^ ' 

:S4t = i&/ibccanfeS/< 
lis parallel to VH 
aBA^AG%HAlBy Um. 
. P ba '= agy^b^f^. 3^7. 

5>40^lBy^Wo«^5. 

':Sa: a haiiSAi UBA 

. Vide Page 194. 

L.Q.B:a Theft 



Therefore 
' r V 

But|4 



6, Atahgy y 



{^ 




• Thcfe PP&perfi(ms bcihg proved to be the Ccmmon Prcfperi'y of 
every pi2r^i^4^ all that is fother required about th^t &^/o«^ ot 
i^igtirey may from thencc^afily be deduced. • ^^ 

$ei^. %. p fit4 the iL^tt^ Utdum, [oy, i^f. f^araptei? 

The Latus ReBum of a Farabok hath tji^ Ikts^ i?4fi(X. or Pr^ 
fot(fion CO any Abfciffiij and! its Sejfn-inrdiuide^ as the LaH^j |(f- 
Buin of 2inyEllipjishsLiti tCk its Tranfaerfe v^d^jugfiUDidmi"^ 
tersy and may DC found by this'l&^Qrfar. 

,— -^^ ' r Irfj /z»jf Abfiij^iis m Frofortion to Hs Semp^ordinale 



Thai 
And 



a— 4 



5X 

Ancdi 



iha L^i^sReftiim. 
Let L = the LaUs ReSium. ? ' ^^ 

\i VS.' a : ft« lit. a: £^ f wherci^ver the ^oi»4f ^^.^4 



4 



aba 



A, are taken in the jpci^^ _ f 






Or'Sa y( L z=z' a}a 
OtSA%L^flB4. 






SiiX D B^ = Sy<x D*4 Which gives ABr 
5/1 f n'"^'i»::5-rf: D'B-^ Theikmfe asatthiTtli 
5/^/ of the laft Precefs ; therefore L (tljus fwmd) is the true 
Ijoius l{e£lumy by which^afi the OrdinaUs may be Regulated and; 
{bund, accorduig to its Definition in SeQion 4, P/?g^ 558. 

For by the Third ^ Stop Sa% i; 3= . Q ir dy An d bj^ the 

4th Step SA^ y,L= n B i^. Confequently y^XTx £ s ^4^ 

And y S-4 X^ = D B-^ 5 ^d for ai^ oltitt' Ordinate. 

^ ^ '■ \ ^ 

Or if t]j^ Ordinate s arc given, to find their ^ijf/jffiVf th<^ 

it will be, Lihaiiha: Sa. And I,: B A:iB A:&Ay to. ' 

C$nfe^tly Q^5=i^; - And -S-^-zs S.^ to. 

Eiomthc^dnfideratioa of thcfe Pncfartions^ it will be eajy^to^ 
^ conceive how tQt'fti4 tte ^?«^ R^iim!^^^^f^(^4^Jx thui* 



mm^ 



Cottincit 



fztti 



.^mm 




J^tft the ]/^W Ptfjaif S of the ^4rfi, and tidier ExtHm 
fioimt of aoy OnBuate^ as By (m h) m!i\ ^ ^kbt JJ^^ -^ 
$B(f^ShJ MdBipati»tlMe^ (bjr. 
Trohlem 2, P^jftf 287J marking the 
Tmnt Where the UfeBing Line dom /;rn 
fi^^iS or m?/> Ae ^w, as at By (are} 
and with the /(jii« j $ B (orS e} ijpon ' 
the P(72«/ £, (or e) Defcrihe a Circle j 
(aii^tbe Awteicd Figure) then will the 
piflance between ikeOrdifiate and that 
P^Ht vrbe^e the Cirde's Peripb^ry quH 
the Axff^ viz. 4H^(to arjbt the true 
Jjiius ReElnrn requird. 
FmSA iBAiiB AiAR. AndSi : ta^ : H :ar.^Tbeo9^. 15. 
Theafore A^zzzL. And arss:L by the 1^ and 2d Stefi 

GnfeSiary' 

Fromthefe Pro f&rfions of fioding tbe ijirtir^ iP^iMir, it wiS 
bc^ to deduce and Detmn/hate ihii fcBowi^ Tbe&ren^.. 

C^i t*tf Latus Reaum ; Is »o, /*^ Sm pf ^ Trot 

9C{^$0^Cllt^ Send^rdiniaes iifois the ViffereHce ^ ibj^e tW 

c Semi'ordinates ; ^0 1*^ l^iffereme 0/ tb^ir Akfciffns. 

Suppofc any B:igbX Vne J^fawfi within the Pdrait^h^ as b D^ 

{aralkl to its Axis $ A 5 tlicn will that line (vfe. * D^ be 



't*fMHCi' LV/. «ka ^A/WCtf y yz 9 U;av1« ▼▼««« '%*^»fc m,^^»w ^vaw^. a^ *^V ^'V 

diameter (by D<f . 5. P/tt. ^59) wlik^twiS make Ji>=r^ B:4-,i2^. 
Jffl=s^5-/i*, and*Ds:Swl-r^-^' Then it will b^ 
i( «jP D :; P j^ I ^ P^. according tt> liie ilSw0r«% 



SDettU)ttftC«tWlt 



iFUft 



And 



3X£ 
' 'But 



7 of the] 



!of thcjaft Py«efjjr. 
Cof thelaft F»'Ofg!j. 




&A—&» %L^ U^A—uH (Which gim 
UBA—U^ar^HA^ar^C^ZJ^ •< tie foxing 

L: B A%ha::SA^ba:S A t^Sa • 



9\L:£p:iD4:iB 



^¥!t, 



dMM«MN 



iflir> iTi 



7*1 ^Mrfi> Trhferty of the ParaoU was firfi fuhlipfd 
tono 1684, hH one M^.' Thomas Baker, t^pBor of BiQiop Nympu 
on iH Dcvonihirc^ H a TVeatife intituled^ The Geometrical Key z 
Jt, The Gate of ^Equations unlock'd ; wherein he hatb Jhewk^ 
be Geometrical ConnruSiw and Sobtfion of atlCnhickani Bi^^ 
mairatick AdfeStta /Equations ty one general Meibod^ which 
9e calls a Central Rule, Deduced from wisfecuUdr Profert^ 0/ 
fftf Parabola. 

Sea. 3« to find the JfocW of mtf^ ParahUi 

The Focus of every Paraiola is that Point in its Jxh througlft 
fvhich the LatUs E(e6htm doth pafs. (See Definitidn 9. 5^^. 4^ 
P«}f 359») Therefore its Difiance frouk the Vertef^ of the Para* 
^may beeafily found, either bv xht Lotus ReSium it felf, 0^ 
by any other Ordinnie^ and its Ahfcijfd. 

Thus, fappoie die A>/;srf at P to be die Vocus^ S the T^ 
Ukj the Ordinate R PR « i the 
£/if»j ReSsuMy and 2^ <> ^ any other 

Then win SF= il. Or 5F=-5^ 




FirftJ 
And 
2 ©• 2 
I, =9 

Agab 
Confeq. 



SDammfiratJiMi. 

5 Fx t = n Fit By ^-^c?. 2-^ P^j^ 3^^* 
FRi=L. For the Ordinate ^F/f = L asabovc. 

SFss : » L As by Definition 4, S^5?. 4* P/z^tf 359. 
^^-L by die Third step in Page 375. 

D*^_jL. &c. Asabovc. Q.ELD- 



/^Sa 



Scft. 4. To S)cfo:ibe, or Dravo a Paraiola feveral Ways. 

Note, Th^t^ are Two orTbreeWays of Drans)irr^ fl Fardbota 
InfirumefitaUy at one Motion ; hut becaufe tbofe Inflruments 
br Machines are not only too ferple^c^d for a Lt^amer to ma^iag?^ 
tut alfo a little fubjeit to ^tror^ I have iberefore chbfin to 
Jt^eii) bo^^ that F^e may > be (the befi) Drawn by a convtsnie7it 
Number of Point s^ viz. Ordinate s found ^ either ,N%me,ricallyvr 
Geometrically, according to the S)ata ; wb'tch if t^ Work of . 
^he Three laji SeBiOn^ b<meUc^tderd^t^needibe wry E4fy. 

I. it 



. ? I. If any Ordinate aiid its Aifctffa are given, there QUfpf 
tbem be found as maay Ordinate^ as you pleafe to aflign or 
joints in mc Paraholas Apcisj (by S^5?. ji Page 374^ andt 



vfr^^m Points 



Curve pi ihti Parabola v^y, te drawn by the Ex\ 
thpic brdindiesy a? the ElRffis was P^^^ 1^67. 

. 2. Itthe £4/1/ J ReSlumy and either any Ordinate^ or its ^bfciJUk^ 
are given, thcn^any affign'4 Number 01 Oriindtes may by theitt 
be found, (by i?^(». 2. raite «7*;0 either tsfumericalh or Cf^ooBf 
iricallj,&. ^0/1/ ^ •-:i 

3. If (wly the Diftance of the Fo^i^j from die Vertex of tbe 
Tardbola be giviln, any affign'd Number of X)rdihate's may be 
fdqnd by it. FbV S F = J L the £^f4j IJffiiww, and \ L in F ^^ 
as in the£/j/? »s^^/o« ; and it will be* as^F: is to jj Fi^ 
lb is any other Abfcijfaj yii. (Sa, or 5 >^, &c.; : to the Square 
of its Semiordinate, ^viz. Q ^^j or □ S -4J according to tb^ 
common Property of ti^e Pa/abota. 

-^ Altho' any of^thefe Ways of findirtg the Ordinate s ai« ea^r 
enough, yet that Way which may be dfeduced from the fdlow^ 
• ing propojitiou wiQ be found much nkore £laly, . and ready m 
PraSicei . ., 

Cpfe Sum of anj Abfciffa andfocd 'Diftancefrm 
ffiifitmffftftif ^^*^ Verteic^ will be Equal to the T>ifihnce frM 
jp^MJ'ww WW- -N ^^^ p^^^ ^^ ^j^g Extrem Point of the OrdinM 

t. which cuts off that Abfciffa. .}. 
For Inftance, fqppofe 5 to be the Vertex of ^^ 
ajqr Parabola, the Point F to be its Focus^ 
and A B any Setni'^rc^nate Rightly Afplfd t<j 
its Axis S A, Then I fay, where-ever the 
Point A is taken in the Axis, it, will be 
«^ + SF=^S.Confequently, )isf=tl^i 
itwillbe/^ = /7jB. 

jpwnonftratiom 

1 S F= » L by the 7th Stef^ teB. ^i 

2 fA=^FA + i£ by QonftruS iion above; 

3 n/u* — Df-rf + F^ X^ :iLL 
4i g uf sa F ^ 4^ |. jL b y the Suppafition and F/^fy^'J , 

5 S-4x£=££=£: + 4LLBucS^Xfc==a^j8 

6 n^S = F^x/-: + 4££ 

7 D/^— n^B=nF^. Cortfe. n/^=nR^+n^5 

8 DFA+nABrzn^B. ByTheoremiii 
p Ufa— U^B 
nu 2\lo\fA = FB Q.EXD; 

^ "-'■ • ■• •■, !«■ 




Firfl 

iAgain 
4XL 

Ergo 

But 



j | g i » - .. •/ ii. t 1-T . M— r'f , . ,, i7^C\- '"V - ' • :"y7Ar:_--- - 

jChap* u Concerntngr the ^at;al>pla> 385 

-* 'J.'Jbis |^o^^//o» being wdl miderftood, 'twill be verycafilyfip' 
fly^d to Ptmice^ fupptdmg die FocalKfiance given» or 4ny pti^c^. 
X>42/« by \vhich it may DC found. 

Thus draw any ^gjbt4ine to reprerent th^ ^araiola^s Axii^ 
amd from its pVffr^ foi«/' as at S, fet Oj^die For^ Diftoftce 
Jboch upwards and downwahis^ t;iz. makc^/— SF, the Difianco 
^f the given Focus from the Fi?rf /;* 5 as in the Scheme : Then liy 
the Prof option 'tis evident, that if ncvet fomany Lines be drawn 
€^€iinaiely ziRight-anf^es to the ^flf/V,. the true Diftance bet ween 
the Point /out of the BaraboUy and ?iay of thofc Lines (or Ordii 
M^^rj) being meafor*dor fet oiF from the FcfUsF to the fame 
X-inc or Ordinate, 'twill affign the true Point Ui that Line through 
which the Curpe ^luft pa(s 5 that is, it will (hew the true Limits 
or Length of that Ordinate ; as at iS in the laft Scheme. 

Proceeding on in the very fame manner from Ordinate ix> Ordi^ 
nate^ you may with great. Expedition and Exaflnefs find as .many 
Or3inath ( or rather their Points onlj, liMe E) as may be thoiiglit 
convenient, ^hich being all joyn*d together with'an^ven Hai^d^ 
vrill form the P^r<2W« requir'A " 

N B. The more Otdinsitts (or i^eir Points^ there kre found^ 

and the nearer they ari ti on^ another^ tbtf eafier and 0xa.9itr 

aMy %i Curve of the Parabola he drawn. The fame is to he oIh 

fervd when anj other Curve is required to he drawn hy Points. 

Seft. 5* 7i) draw a Cangent to any given Point in the 
Curve of a Patabria* 

Tangepts are very ca% drawn to the Curve of any Parahqla j 
For, luppofing S to be its Vertex, B 
thePeintof Q>nta£iy(viz. the Point 
^hcre the fangeni mqft touch the 
Curue) and P th^ Point where the 
Tangent will interfeft (or meet with) 
the Paraholds Axis produced : Then 
if from the Point, of ContaSl B there 
he.df^yni iia€ Semi'^^dinafe B A At 
tugfit-angles to the Axis S Aj where- - , 
foevcr the Point i4 falls in the Axis, 'twillbeS JP =54- 

I9>€m8nff ration. 

Xiwn^$emi' ordinate h a (as in t^e Figure) 'hen will thg 
^ A £ ^ P and A ^ tf P be aliJs^e. .Let ymAS w AUciffa^ 

t)d'd^ ^and 




Cimf d g>citiong. Part iy. 



m* " 



aiidx=5P5 patx = il4*el>iftancc between AetwoSmi 
erdinatesj which wc foppofc to bein&utdj m^ cadiothc^n 
inthc£//|//f^,PagP37i. 

Per Tieorem IJ. 

See Pi^e 192. 

Per TAww Page 57 V 



Then 
1, Or 

Again 
?> Or 

6 ••• 

That is, 

Soppofe' 

Then 

10 2 



iy:y-\'^^iyy+2yz^xz:yy^23^-f 



fjr+M + 2%^+*^ 






tXJ€ 






ilfl-=:y*4-jejr Coiifcquently~=j4-# 
« =0 AiARejeBedy z^inibib 01ipjis^ P^e 371; 
54= J Cotifequcntiy x»=J!y 
2 = t That is, SPrrSil 



CHAP- IV\ 

Concerning the chief Properties of the %pecl»l8. 

NOTE, Jny fartofibe feds of an Hyperbola, wir/VA is titter. 
cefXed hetvoeeftHs Vertex and any Ordinate^ (viz. anyin-^ 
terceped Diameter) is caff dan Abfciife y as in the Parabok* 

SeEl. I. 

The plain of vmfByperMa is proportion d by Ais gegecd 

Theorem* 

f As the Sum of the Tranfverfe and any AHcifla rM- 

\tiplyd into fbaf Abfcifla : is to the Square of its 

%llft9itin\Semi'*ordinate z : fo is the Sum of the Tranherje 

y and ani other Abia£b multiply' d into that AbSiila : 

# \to the Square of its Semi-ordinal. 

Tlwt 




^^'SliaCu^ifrsbeibeTtanfvn&DisuBeliBr, ' 

'"'" i * 4, B ^ SwoUotdimte. 
«,.»_ . (TaissTS-4'Sa 

And it anUhe 
T^}CSa:Qtai:TAy(,SA:QBA. 

Thsit jg 
TiS+Ss}CSaiQiai: T8^^SA%SA: QBA 
Sec, 

JLe* the followitig Figure HVG reprcfent a Eigfa Cme cot 
*fttd Wtf parts by the Right-line S ^; then wiH the P^hih of that 
Scaion l>e an Hjfe¥lfAa^ (by S^^. 5, Chaf^ 1.) in whicbJet S A 
be it9 Axis, or intercepted Diameter, iah and BAB Ordinate s 
^^i^^lj^tt^i^ (^s iefore in f /i^ Parabala) andTS^ itsTtanf* 
liberie Diamefen 

Again, if the Cone is fupj^s'd to be ^f by 2r ^, parallel to its 
Bale H £r, it will alfo be the Diameter oi aCirde, 8r* as in the 
JStUffis zxdTatabold. 

Then u^ die AS^^and ASG-4be ^ 

dike, dfo the a Ta tizxd T^Bm^ be 
alike i therefore it 

SaiagixSAiAQ 
TaiabiiTAiAH 
Sa%AG — SA%ag 
Ta%An—Tn%ab 
iSa%Ta%AQ%Mn^ 
\ SA%TA%Ag%ak 
a9%Ab:=L a ah 
(AG%AH^nAB 
^\\ per Lemtfia Page 557. 
Say^TaXa ABz=: 



And 


I 
2 

3 

4 


3X4 

But 


5 

6 


And 


7 


^6,7 


8 


$,Anal. 


9 



'5if 

L, 1 



which give the foUowing 
S ^y(,Ta : a alf :: S A -/.TA: 



Ddda 




Q.E.D. 
Thefe 



JiF 



CiuPafe &^cction0. 



Part 




Thcfe frofortiws ixt the common Property of c?cry Hjper^ 
ipla^ and do only diflfer from thofe of the Etltpfs in the Sig^s 4- 
and >- ; as plainly appears in tSe fiot 
lowing Proparfiom, 

That is, it we fuppofcl'S the Tjsu* 
verfe Diameter common to both Sefiions^ 
(viz. both the Bbpfis and Byferhola) 
aft in the annexed Scheme : 

Then in the EUffis it will be 

As by SeSt. i, .CBaf.n. 
And in the Hjfp^*o/tf it is 

as above* 

^ And t|iercfore all that is farther requir 'd 
in the Bjperhqk^ may (in a manner) be found a? m tbp W^iffiH 
diie Hf gard beiiig had to chfmgin^ of the 5;;g^ j. 

&a. i. 73)foi ^Ae Jiattts Jtetfttttt, or Kiglrt f^awmetet, 

^ ^«; Hyperbola. 

From the laft Proportion take either of the Aitfecedcnts viditf 
Confeqiient^ w^. either Td%SA lUah. OtTAy^SA lOAB. 
To them bring in the Tranfverfe TS tor ^ third Term, and by 
thofe Three find a Fourtji Ptoportipnal (a^ in ibs EUipfii) 93(4 
tiMVrillhcthtLatusIieSium. 

TayiSJ:nai::TS: °^^^^^ =^the Z^ifitf 

ReSlum^ which call L (as in the Parabola.) 
TS:LiiTa%Sa,i hah. 
Ta%Sai n ai xiTA %S A I U ^B Therefeic 
t^.L:iTA%SAiBAB, te. 




-T"*--^ 



Confequently L is xiittxut Loins ReRnmy ox%igbiParameiefj 
by which all the Ordinates may be found, according to its Denni- 
tion in CHap. i. ^ 

And becaufc TS + J^ — r«,let it be TS-^-Sa inft^d of 3i 
nokY.TS _j^ 



^Thcn it ^YiUI?e 



rsx^^.'+DJtf" 



'^ i;ir |A^ EUiplis ft woi/W J^ 



TS 



,U'dh%TS _ f * _ r 



Sea. J. To find the ipocitt 0f my ^ffmhU. 

The Focus being that Point in the HyperMas Axb dirough 
liich the i.4iifiri Re&um mufl pais, ("41 /« fi&^EQip&tf;»i Pan- 
la) it may be found by this Thet^etn : ' 

# 7b the ReSIangie waih of hdf the Traftfverfe info 

\ half the Latus Rcaum, add the Square of half the 

^ea^ent \ Tranfverp. ihe S^(xre Root of that Sum will ie the 

' 7 Diftanee of the Fbcos from the Centre 4^ the Hy- 

Vperbola. 

SDrauitiftcation. 

Sll^poie the Point at F, in the annex'd Scheme^ to be the Foeat 
JOght ; then wiB PR =s J L. 

Let TC - CS be half the Twnfverftj; 
ben is the Point Ccalld the Centre of the 
9jp,erholM (for aReafoQ that ihall be here* 
ifter Slewed.) 

• Agin; 1-ct r 5 = rf;And5F=4 
Thm't\2dil::2d-\-a%a:XLL 

That is, j 2 T^iLtiTS^SF+FSiaPR 

. I v.? ldLssi2da +aa 

5 + <«l4 dd±idLz:zddd+2da+aa 

4 wi 2 1 S 1 j/ ^dJfJd Z TssdJ^a — FC 

Ot 5^--</!6j v^ZPT^ — rf==: « 55= SF 

h the EHiffis 'tis, 2dxLii 24?— 44^11 : j^ L£. 

That is, ^L =2^*1-^44, &c. ' . , 

The Geometrical Eflfe£Hon of the l^Tbearem is yery eafilf 
terform*d, thus; 

Make Sx = \ X, viz. half status ReBum ; and let C ^ s^^^ 
a^above. 

Upon Cx(a$d Diameter) defcribe a 
Circle, and at 5 the V'ertex of the JE^f- 

Srl(/a draw the Right-line « SiV at 
Ight-andcs to Cx ; then joyn the 
Po/^fi CN with a Right-line, and 
'twiUbcCA^ r<£ + 4=:FC. 

For 

Thiiti^, 

a V 

Qut 

3^ 4 




CS : sN: : sl^: Sx per Ffg. 

dtSjV:iSNiiL 

\dL—n&N 

k\d dr^Ad L+QCN 




^lut 2|6lyiiJ+r^i=ci^ &C, 



1>^M! 






390 Conftfc jfedtfotlgL Bart 

Now here is not ool^ found tfaeDiflance of the Hjpefhti% 
Tocusj cither fiom its Centre Cj or Vertex S, bdt boe is adb 
/oood that R^ht^line tifta% cail'd its Comjug^e HUmeter^ tl^ 
the line 9 S J^9 iriiich bears die iaoieFkcsioftiaato thcTkatf 
verfe and Lotus HeSumofthcEjperhfla^ as the Caqjogftte Diaoto 
ter of the BZ/z/T^i doth to its Tiaofvedb and L4lir^ iP^aaofc 

For,inthe BUiffisTSi NnziNui JL^. per Sc& ^ F%. jdj 

Omfequently ?rx:^JV^»::?iSr«j*L/f. 

.Bat ?r5 = i. ?j\r»z=:sisr,andvi.ie=ft. 

Therefore diS NiiS Ni^iL. As at the ad Step above! 
What Ufe the aforefaid line s S Nh of^ in ceiadoa to die 
^^yferUiay wiQ appear farther on. 

Scd. 4. To SDefciibe m Hyperbola or PAm. 

In order to the eafie Defcribing of mHjperiola in pUn^i 

win be convenient to premife the following Propofitiomj wfakli 

di&rs firom tbit of the £7/i/j!i in SeO. |,Ch. 2y only in the5%9j. 

(If from the Focus's of my HfftAdM tbn^e h 

I A^awn two Ri^hUiines^ fo as to, meet each oditt 

l^lOpoCtton^i^^T Point of the HyperbolaV Curt^^ ibe Dife- 

^"^ ^ \reftce of tbofe Une$ (in the £ffifj/F# 'tis their 

Uum) nLtllhe Equal to the Tranfverjo J^ameier. 

That is, if FbetheFoo/x, and it be made C/=5 CF, f^^ is 
fhelaftScbeme) dieil the P<wic / isSadtobeaFo^Moatof the 
Seaion, (or rather of the offofite SeHion) and it will be 

S>atuitifl^n(iM 

Suppofc/C6rCF=:a:,and:j-4=:;K. LetCS, or TC— /, 

as before.. 
Then will /^ = rf-f-jc -f-x, andf^s:^+jr — 2. 
Again; LetFS=i^, and/ Bsatk. Then 2^=54— J, b? 
the Profoftion* 



From thpfe fuhjiituted Letters it follows. 



That 
And 
• But 
Per 4th > 

9fk/tT 



dd"Y tJx 4- 2i/z4-*;if + 2W + «z = 0/ ^ 
dd^ 2dd^2(i^ ^xx — 2;{^ + « = D F^ 
D/^+ n^fi=0/B, AndD/^+-rfRssn FB 
^d-^^dl, =d^^2da'\-aaz=Q Fr=r;c?' 



»»p.^ Co»ggm^ »Ag ^ypegt>eto. ^91 



dd 

i: Again 
■5, 6 



k 4- 8 



p j^ d 

IPX 'A' 



II 
12 



10 






arf :£ 2: 2^if*X«- D^^. 'BicBmmfifroferths^ 



id I 



Z2* 



T7 



2</« + **: D-^-B 



2^ZZX ^Z»Xft—2dddx.—ddj(X 



-w 



= D-rf* 



16 



x6, or 



r^4f + 2</jV — 2d^-^ 2Af+2ZA? 4" " + 

^+ — 2rf3z4-2^/zyv4-^(Ax4-2^z;8SJC f zzjix=:ddhh 
dd-^^z-^-zx-zzuIb [Ahho' the Mfuathn at t^ht 

dd^Z^ZX=db l6th Step he in itfelfmfoffi* 

hU^ becaufe % is greater than 
d, {by the 4^ Step) yet from 
thence it *iviH he eafit to con* 
chidoi that the Differettee Be 

twntn d anA ^ -|* ^vfill 

Iginte Ab ttmt V0lu$ ofb; as 
\i» tie 17 th Step, 



zx 






h 






, ZAf , 






Bat hecs^qfe I woiQJk) leavci ip room fos the Inearnei to4oubt 

about cbanging the Mquattofr^ rf'— . :{ _ 5* — j ij,tcr that of 

« 
jj -j-£!,--rf=s=.J,. it m^j lite convenient to illuftrate the whole 

ErocefikitoA^«Mi*#ri, {whereby (Ifrefmnt) •twill plainly appear 
that b^i — TS. 

\vi order to that JLet the Ttanfverfe ilr5:=2rfr=l2. Then d:=:& 
Suppofc the Abfcifla 5 .4r:x~4, And the Semi-ordinate :^B rr: 3 

1 rS ^ZA %SA:QAB::TS: L fer Sea. 2* 

2 12H-4X4= 64:9:: 12: 1,6875 = £ 

4I V 36+ 5,0625 == 6,408 —CF^z i 

^ ^/+.;t+Zr=6+4+6,408:=^l6,408 -fA 

6|^4-;tf«p.z=$+4-^^4o8=5= 5,5p2:rf^ 



Firft 

Again 

3, viz* 

Hien 

Aad 




Cottidt ^tttionsi^ 



.^^,Mr,^^..w0^^^ ■ 



PaitlV^ 



^ 



269,2224 zz^afA 

12,9024— DFA 

psz O AB Foti<B!=:3 by Sut>poficioa 
278,2224 =: a/A rhaA £ 5= QfB 
21,9024= aFA+aAB:=::Q F J5 
16,68 =:r/B 

4,68 = FiJ 
1 1,00 trzfB^F B:=ztS. Which was to be prcwTd 



ai^ 



SI 



tF 



' If dbis frof option be truly underflood, it muft needs be eaft 
to conceive how to deicribe the Curve- of any Hjferhola veiy 
wadily by toinU^ when the Tranfverfe diameter and Ac Focu; 
are givenj; (br any other Data hy which they mayte found y ai 
in the precedent liules) liius; 

Draw any flrcight Line at plcafure, and on It^^f ^jf the LengA of 
the given TranfoerTeTSy and from its 
Extr^am Points or Limits, viz. TSy fee 
oflF TfsxSfy the Difiance of the given 
Focus (viz. the Point/ withoutf and 
F within the SeSiion^ as iefore) \ that 
done, upon the Fointf^ (at a Centre) 
widi anv affiun*d Radius greater than 
TSy^c&t sinAi^of aCirde; then. 
&om that S^ius take the Tranfverfe 
TSy makii^ their Difference a fecond 
Radiusj with which, upon the Point F 
widiin the Sedion, djs&nb^ another Arch 
to r»f or rrq/> the lirfi Arch, as at JB ; Then uriU that Point B be 
in the Curve of the Hyferhok^ by the Ufl Propofitipn. And 
therefore 'tis plain, that proceeding on in this manner, yoa may 
find as many Points (like B) as may be thought convenient, (the 
more there are^ and nearer they are together ^ the better) which 
beinff all /oyvV together with any even Hand (as in the Parabob^ 
will form the Hyperbola required. 

There are (everal other Ways of delineating an Hyferiolam 
Piano : One Way is, by finding a compctcnt»Number of Ortfr. 
nates f as by Se£Hou i, &c. but I think none fo eafie and expedi* 
titnis zs tins Mechanical v)ay: I ihall theitfore, for Brevity's lake^ 
pafs over the reft, and leave them to the Learner's pra^e, a^be^ 
ing eafily deduced from what hath been already £udd 



B':' 



'^ 



Sea. 



m 



SLp. 4. Coacermm!^ jypqplote^ 



J9l 



Sc^. 5. STi^ iJ^iTj; ^'Csajafent h my givein T^int in the 



The Dramng of a TJwjff^f that will touch any 
Ihe Curve of aft Bifep&9la\ loaay tc t^ly perform* 
Tbeop^em j a» in tht Ellipfu, Seft* 6, Chap- 2. 
^ c Z) = T^ the Trmfpgip Dhiimetgr, 
Let O £ ^ the £^f«j Rettum. 

ly zs:SA±t4ifciJJiL 
r. ^ ' rt^ftclSiflance between the 
jj^ ' '— j^ pJ^Ordinate and thatPoint 
^^^ "^ 7*'^ ^'"^^ K/2e?/i;fr/> cut by 

c die Tavgeni. 
[ ' Then if jr be given, ;f may be fcund fay 



ren Point in 



•5 


. -1 


:^ 


^ * 




.vJ^I; 






A 


* ^L 



Xvobieb Offers from that iit the Ellipfis 
Wjf i»%rj. Vide page ^71.] 

Or, if* ;{ be giv en, then jr may be found by this Tbeoremt 

Draw Ae ISemuordinate h a^ as in the flgtire, and 
«-^ \# J ^" in6nite finall Space between the two Semi-^dU 
pit H^ Aa \^xe^ . ai hefare in the EUipfis, Qc. 
DzLiiVy-^yy, 



Thcnl X 
Thatis^l a 

9 



Ag^rb 

T^iatis, 

. 4 ••• 

^ 7ina'« 
Sujiporc 

la 



: Vj +yy : Q A B 
TSiL.iTS+SAyCSA: QAB 



nAa 
D:£::Z)y 4-j[)p — 2yA? — Oa? 4-*;^: Qah 

j{:-rrfiJ::;j~* :^^9 viz* PA:AS::PA:Mjf 
* = o and every vrfiere rejcaed (as in thi EllipCb) 

Eee 6, II 



I ( im 



BH 






6~ II 



I . I rDr^-\-P^-V^-r>^ 



^2* reduced 
13 Analogy 

M — Ky 

16 dG 

17 mi 2 
18 + 



12 

16 
18 



\D^jiyi:D-\-y:z,vtz.CAiSA::TAiJJIf, 
< = ^^^ ^^"^ "^ *« /'^^ Theorem. . 

— : -^ Q. E. D. 



The Geometrical Efftaion of the jprfi of thefe Theorems k 
veryeafic; for, by the 14th Step, 'tis evident that, there are fAwf- 
Lines gifen to find a fourth prbpordonai Line. (By FtoUm 3, 
PaSSi08.2 • • . _. •■ :..... ...:;. ^, 

Scholium* 

From fehe CmparifonSj which havc betn ail-along made in thii 
Chapter, between the Hy^eriola and the JEllip^Ji^ kwili be eaik 
\even. fot a iLecarner) to perceive t}ic.*- .'""•, 
Coherierlce that is in (or between) thofe % " \. Jl 
two Figures; bdt, for the better under- v; *.;:.. / \ /^ 
flanding of wl^at. is aeant by the Cenir^ ^\\ *'••• *I^-' .-^* v*V 
and Afymfiotes 6£ zn Hyferiola, (sotiti-y '^ '''^''''" *''^'^^^^ 
der the annexed Scheme^ swherein 4t Is " 
evident (even H hffeBion) that the 
^^vi^ tiyperlolaV will always be alike,* 
becaufc they will always have the fame 
Tranfverfe Diameteiucommba to both, He. : 
(fee^fi-^. I, of this Chaff.) Alfa, that the 
iniddlc -Point, or common Centre of the 
Ellifjis is the common Centre to all the 
ffiut Conjugal Hyperhola:^, 

A"d the Two Diagonals of the Right-ajigled PJrdll^o^^ 
wh«:h circumfcribes the Blifjis, for is-irifcrib'J toiHtf^Jour Hy- 
perbolas) . being^ continued, will bq fuch Afym^tofes,XO Jtbofe Kb? 
fifrhia4^W^t^n^iiChap.i^S0a.%l>efi^i.^. / . ^ 




ap. 4. Concefningthe ]^^p0irl)Oto* 



3P5 



fca. tf . . 7a imto ibi i9tf?mptof « o/ VMpfi^pwbote; Sec- ' * 

JIaving found the t,aius ReSium (by Sea. 2.) and the CohJu« 
ite Diameters S Niv\ itj.truc P^fttiofiy fay Sea. 2w Then, Aro* : 
|B Centre Cof the Hyperioloj and the Exoream Pbints « A^of ' 
I Coniugate Diameter, dcaw Two Ri^btJhes^ 2&C N and C «, . 
finitely continued^ ' (ds iv the foUcvjing Figure) and they wfll '^ 

%i^e. jifjmPtotes i^irsL ..« .. . -- ^ 

,,Th^t 18, tney are Two fuch Right-lines as, being infinitely ex- 
tfided^ wiU continually incline to the Side» of the Hypsrboluy but 
wer tpud^theiD. 

33Demonllrattoh. V • 

Soppofe thje SemiTordinates a h 2ni A jS^to be fi^tJj ^ffJyd . 
b tihe Axis J^ ; andpcodo^d both Ways to f3[itACympi<aes\ as 
tfg and F fi J then will «he a^CSNy Ac /t^, 4md ^ C -^ G J>5 v 
p»k<s. .... . . .1 .- . . . '1 •.•. ..j 

fXet d7^cS:=iTC. And £ = iSat.lMus.ReSiimi as bcfort. > 



rhen 

(inn's 
But 

8^3 '-'•' 
J ••• 

Bat{ 

t % 9 

7, JO 
Again 

Iliat b, 



7 
8 

9 

10 

Tl 
12 

Bat 14 



l\d:S Niid-^- e:ag. viz. CSiSN'.:Ca:ag 
2\dtl:uSN:i(kd^2de-^eeiUai 
i]i,d L-=USN. per SeS. 3. 

4',-r 57— -°*-« 



( 
6 



H. 



2rf: JL :,• 2</# -f- ^^* O «>, per Sea 2. 



jdeL'^-feL 



Uah 



24 

hfy^hg^kdt 

2rf : L : : 2</y + jrji,: D -^iJ, !«' ^"S. a.. 

2« 

' Eee 3 




«-!$ 



3H 



ismi0i ^eitUmfi* 



^irtl 



6, II h2 



13 Analogy 


13 


i^-rlO-'-y 


X5 


n — iy 


16 


16 dg 


17 


17 «» 2 


18 


18 + 


iJ^ 



.Z)yL-|-TyI,-.2;L.-.7)L 

J 0^_^ : y J ri>-|-^: b, viz. €A t SA :: T^ \ , 
jj = E2gtJ^ Which ii the /j^yfree-erm.. 



IDXjr 






^^— 2%te. 



D_D+. 






DD- 



t« 



4 



Which is the/f. 
Q. E. D. 



The Geometrical Efifeaion of the firfi of ttefc Theorems iP 
vcryealic; for, by the 14th Step, 'tis evident tlfitt there arc f^i^ 
Lines gi^en to find a fourth proportional line. [By ProUem^y 

• * • * 

Scholium. 

From tk^cCmparifoff^j which have been ail-along made in tins 
Chapc^r, between the Hy^eriola and the T^ifps^ kwiU be ca& 

i^en. for a iLscarner) to perceive the ' , ' "^ ., ^ 

Coheifence that is in (or between) thofe %,^ " ^. ;^> 

two Figures; but, for the better under- " 

flanding of what, is fteant by the Centre 

and Ajymfiotei of ah Hyperlola^ ooofi- ^ 

der the annexed Scheme^ >wherein 4t is " 

evident (even H Inffection) that the ^ 

pppofice Hy/»i?r^(jfo Will alwayi be alike,'' 

fcecaufc they will always have the fame • 

Tranfverfe Diametex^commoa to both,8f. . 

(ree&'^. I. of this Chaf.) Alfo, that the 

ittiddlc Point, or common Centre of the 

Elliffis is the common Centre to all the 

fQUt CsHJugal Hyperhola:s, 

And the Two Diagonals of the Right-angled PJr(dldogf0fi 
which circumfcribes the Eilipfisy for is-i^ifcrii^'d to f/^/ Jour Hy- 
perbola's) . being continued, will be fuch\/tfj5?^^fof^i,tG^ ^bofe %j 
perhlas a? are defined Chap, i, SeB. 5, Vefii. 4. / . 

Sea, 




lap. 4v Concermngthe ]^fp0irl)Oto« 



3P5 



fiea. 6. To draw th SitfrnptoUi of of^l^ftthsiW^ See. ^' 

JtJzving found the Latus ReSium (by Seft. a.) and tha Cohju- 
itc Diameter'^ S N in its-true Pofttiony fay Sea. 2v Then, Aro* : 
|e Centre Cof the Hyperhola, and the Extream Pbints « A^of ' 
8 Conjugate Diameter, draw Two Ri^btJittes^ as C N and C «. . 
ifinitely continued^ (As vt the followhg Figt&e) and they wfll '' 

^ ^e. jifynPtoles i^WLd^ - . >- 

. .ThAt IS, tney are Two fuch Right-lines as, being infinitely ex- 
aided^ wiU continually incline to the Sidest of the Hypsrbola^ Hut 
ever tpugbtheoj. ^ ' 

- . : . :. 33Dem0Dllrattoh. ; ■ 

Sappofe ihfi Semi?ordinate8 a h and ^ jB-to be f/^f/y afffjd : 
the Axis'J^ ; andprodutScd both Ways to fS^tACymft<aes\ as 
|/^ andJ^fi jthcn wiUfhe Ca CSN, AcOig^md^cAGha^ 

m^ ..-.;.. . '' ^ .!/..«. 'i v.'j 

*Xet d/^cS =TP. Aad £ = tbcLatus^ReSlm ; as bcfort. -^ 

Then 
But 

5 ••• 

4 T» 5 
Bat{ 

7, «o 
Again 

Tliat b, 
• But 



l]d:S N::d-^e:ag. viz. CS:SNt:Ca:ag 
2\dd:OSN::4d'i-2d:e^ee:Qag 
i,idLz=nsN. per Sea. 3. . 

\- TT — : — !=-Oag 

2d: L:\2de-{'ei'i a abfT^Seeki. 
2deL+feL 

— i2— ^ 



7 
8 

9 

to 
Jt 
12 

15 



Qak 



dh __ 



— Uag — Uah 

hfy^hg^kdt 
aCSiDSN-.-.aCA: uaQ 

2d'. L'.:2dy-\-jy.n ^B, per S«a. a. 

^£lk±ML^aAB 

2d " 

' Eee a 




«-»$ 



i96' Conicit l^ecttonil^ 




I? — 


15 


AlTo 


I 


17 X 


t8 


i«» 


19 



i6|^^n ^G--D^/B 






AG-^JBtaBG: 
il,& iOv|2i p^ =^* And Bfl = ^ 



Ficm the Ia(t Step *cb endedt, that ^Afymfi^Us titvhaii^ 
the tJyferhola at G than at j^, and confequently mU 005tiniidf| 
approach to its Curve : FotB P) \d L(= BQislds ihanifj 
la L ^=: * jr, bccaufe the Dinijor B F iilgrcatfcr than the Dixw- 
Jor hf ; and it muft needs be fo wher^^vcr die Ordtnaies aie 
ffpducUto'the^j^P^/^oft^i^ from the Nature ^tfae7M^jfl^x,~ 

.Aj^in j From the 7th and i£tbStep 'cis evident, itee u^ 
AfymfttUi can nev^r ceaUy meet and be co-mcidciit mtli d||0 
Curve of the Ihferhola^ afcho* both w^rc infinitely extended, hti 
caufe { if £ vriU ft]iiimyft;:be die Pif&rcnciB between dbe €^re a| 
any Semi^orJivat^ uai the Square of that $mi'Ordi«at(§ wImo ''^ 
produc*4 CO th« ^4Bt/Vct^. 

From hence it follows, that every I(jgbfJi^e which paflfes diro' 

' the Cexire and falls within the Ahmptotesy will cut Ac fiyfe^ 

hola ; and all fuch Lines, are call'd hiameters^C^^ in the JS^lif^s) 

becaufc the Properties of the tiyperMa and ElUpfis are the iamc. 

Note. Every Diameter, both in the EHipJtSy f^dM^ and 
Bsperholay bath its particular LoTus i^eSum and Ordi/rstes; 
which, fliould they be diftinftly handled, and the-Eflfeaion «f a}} 
fuch Lines as relate to them, as alfo die Nature and Properties of 
fuch Figures as m^y be wfirit^ 9ind ciycmfcriFdto all the S^ai- 
ens, with the various Habitude or Proporuoiis of onp f^petfols 
to another, 8r. would afford Matter fufBcicnt to HI a hrgc Volume. 
But thus much may fuf&eby way of IntnduSiien ; I&all there* 
fore defift purfuing them any farther, beiog fully fatisfied, that if 
what 1 have already done be well undcrftood, the reft t9»ft \\si^ 
be very eafie to »jjy one that intends .to proceed farther 60 that 
Subjea. 

AN 
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T o r HE 
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P A R T V. 



r*| '* H E Method of finding 6ut any particular Q«antiti (viau 
I ^'f £r^ /7«j iilit, ^upetSrfeif, or b^mi) by a Regular 
JL Pro^rcffion, or Series « Qponttties cootinually appraiclu • 
ing to it, which being infinitely continued^ would Htytn Mconle ptr* 
l&aly Equal to it ; b what is commonly cwd Arithmetick, which "^ 
I fhdl briibfly deliver in the following Lewmds^ tnd apply che|ii to 
Praaice in finding the fuperficf^ aiyl folid COMt^t^s of Gtmnnrh 
\cal Figfires fkttihtt oru 

, I^EMMA.I. ' 

Jf 4«jf J^?!**^ 0/ tj^at NmAerff (reprefenting Lines tr othe*^ 
Quantities) ASj l. 1; 1. X. &c. Or 2* 2. 2. 2. &c. Or 
2. 3, 3. 3. &C. f/ om if the' Tfms Be m^plfd into fb^ 
ffunAer of Termsj ty ProduB will he the Sum of £1 tbe^ 
Terms in the Series^ 
This is £> veqt plaib^ and eafie to be underflood> that it needs 

nojExamfle. 



LEMMA IL 



fytbe Series of Numbers in ArithrfieiUl ProffeJ/ton tfeghi with \ 
Cyf^erj/indthe common Difference he i ; as^ 0. 1. 2. :;. 4. &c.' 
(reprefenting a Series of lines or Roots beginning with a Point)^ 
if the Jafi Ttfrffi he muliiply*d into the Number of TermSy ihc. 
ProduSi will he double the Sum of all ib^ Series. 
That is, putting L — x!i\t tafi Tern, Ni^ih^ Nunsiben 0$ 

Termsx Vd S = the ^m of ^. w S^rin ; "' _ ' 
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Then wffli\rz; = 25. Coakqpaaf,i//L = S. 
ttf:(, one Half of & nanf 6ma Ac gr^dteft Jtrm as dieie are 
Nuinbpr of T^xiaibe $erici. 

And thu will always be b^ bow n»ny Tlraeri fbevex dme arciQ 
ly CdJ^fflf. I, Fage 185. 

* LEMMA m. 

^ tf Sides tfrjf SqiJii|s 9^^ SiV4^ #r i?^fj 4r^, im AriAmcticfc. 
ArogrefSoh, ivgimthtg mih a Cyfber, te. i(as in the hft Lem- 
ma) be ififinitely eoniinued^ the laft Term heing wtukipljd in^ 
'to 1^ fmmieP^Zf^JSrms^ will le Triple to the fum ^ all the 
Scries, w>. NI^L^ 35, pr \NLL^S. 

•XlMA-isi-thefiaiirtsHbdr a Series will beOneThiid of the- 

Ufiot^reateft Term^ fo iqanj^ Qmes rq^ted as is cl}c Number oC^ 

J»w m the Scries, . ^ 

♦ InjliLnce^ in Sgi^ Numher^. 

_C4+4+4 " ? »2 

<0-+H-4fp 14- ^ 7 I X ^ 
»• < =:^=~=-+- 

ro + i+4 + 9+i6 30 3 iT I I 

ii(54-i64-i^+i6+i<^ 80 Q 24 3 24 
From th^ InAances 'tis evident, that as the Number of Tirrms 
in /the Series does cncxeafe, the FbSion or Excefi above |.^does 

d^Cieafe, the laid Exccfs always bciiig g-jtr;;^. which, if wc fup- 

pofe the Scries to be infinitely contimied^ will then become infi^ 
nitely fjfiiall^ viz. in Effe^ nothirjg at all. 

Confequenrly, *, NlL may be taken for the true or perfe^ Sum 
of fuch an infinite Series of Squares. * ^ ' 

LEMMA IV, 

ij^a Series of Cuhes whofe Roots are^ in Arithmctick Progreffion, 
tfgm^i^rg V)itb a Cyphi^^ &c. (as above) iiififtitely continud^ 
^ fbe Sum of all the ijeries uv7/ be J NL LL^=^S. '' 

-That is,' 6nc Fourth of the Infl- or greatejl ikrm fo n^any times 

rcpcved as is xXi^ Number of TfcrmS • ''"' " ^ '* 



Inftauces in Cuh Numbers* 
If . X . 2 • I • B^. be Che Rms of ^ Ctihes^ ' 

Then 1.2 .-^ — 1=: — ^=2-=3*^+— : ;: * 

1 27+27+274-27 108 12 "4 %2 :':"* 

C 0+14-84-27+64 100 10 5 1 I 

^644-64+64+64+64 320 32 16^ 4 x6 
0+ I + 8 + 274- 64+125^225^ 45^^ 

'x25+i25+i25+i25+X25+x?5 750. 15^ *^ 
6 1 X 

2a 4 20 

Piom thefe Examples it plainly appears, thatras the NuwAtr of^ 
W^fms in the Sedes encreafesj tiitFraSiion 01. Bxtafi above 4 ie* 

trenjesy the Excefs being always -^ — -^ which, if we fuppoi^ 

Ae Series to be infintiely cmtimid^ will become infiniulj fmall^ ^ 
or rather nothing : As in the laft Lemma. . ^ " 

Conftqucntly, \ NL L L may be taken for the true and pcrfeS 
Sum of all the Terms in fuch an infinite Series c^Cuhes* 

LEMMA V. 

ffaSerhs of BiquadratSj v^ihofe Roots are r« Arithmctick ProS 
greffion, heginningmtb aCyfher^ Sec. (as before) he Infinitelj 
continued^ the Sum of all the Terms in fmh a Series will he 

The Truth of this may be manifefled by the like Procefi as it| 
the foregoing Lemnds, and'fo on for highet Powers. But if any 
Dne defircs'aJarthcr Demonftmtion of tlSfe Scfifes,fcc may {Ipre^ 
fime) meet with ample Satisfaftion in Dr. Walliss Hift. of Alg^^ 
hr/if Chap. 78 &7P, wherein the pu cpnclades with thefe Words : 

"- Thus having fhew'd, that in a Progreffion of Laterals (of 
^Arithmetical rroporiic^als) beginning at 0. the fum of 2. 3* 4« 
".5^ 6 Terms, is always equal to half or fo many times the grea- 
^*teftj and ther^ being no Pretence pf Keafon why we fhould 
** then dogbr it in aProgr.^^ffionof 7. 8. 9. 10. 8r. we conclude it 
•** fo to be,* tho* fuch Number *bf Terms be fu{5pt)s'd infinite* ^ 

**^ Again ; In a Progreffion of their Squares having fliew*d, that 
** in 2. 3. 4. $• 6 Terms the Aggregate is always mare than One 
? Third of £? m^ny times the greatcft, and the Excefs always foch 

**aUquoC 
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^ aliquoc Part of tkcgmC49il, at is deoominactd by fix cinies the 
^^ Number of Teans wanting i« (As, if the^Tenof be 2, 

"icis| + r5 if 3,kis4" + TYf if 4,itisf4xi;if 5i 
*^ ic is 7 + TT ^^ °^y ^^"^ ^ greacefi Tena, and fi> oa- 
^ward) we may wellr condude, {thm being no Pretence of 
*^ Reafon frfiy to dodbc it in the te&) ditt ic vviH be fc, how cm* 
^ny foever befisdiNuadierofTeisis. And beeanfe £ieh £kc6 
^ as the Number of Teems dd incMfe . wiU teooftie iaiaiteiy 
'^fmall, (or lefs d)si any afiSgaatie) we condude (ftom the 
. ^ Method of Exhaoftions) that, if dieNmnber of Terms tc fiip» 
^pos'd infinite^ fucb Excefsmuft^e fupposfdto Tamfii, andcbe 
" Aggregate of fuch infinite Progreffion fuppos*d equsd to -^ df 
^ fo many times the greatefi. 

^< In like manner haring prov*d that (uch Progreffion of Cubes 
^ dodi (as the Nmilber of Terms encreafes) appioadi infimieif near 
^toif of fi> maiqr times the gieateft, and ot* Biqaadzscs to f, and 
*^ fb of Surlblids to -^ of fo many times the greateft, and fi> oa- 
^^ wards as we pleafe to try ; and there being no Pretence of Rea> 
<* Ion why to doubt it as to the reft, we may tdce it as a fitfdent 
*^ Difcovery, that ( univerfiUy ) t^e- Aggregate of fuch infinite 
^ Progreffion is fqml (or doth approadi infinitely near) to fiich a 
^ Part of £> many times the greateil, as is denominated Jby cbe 
^^ Exponent (or Number of Dimenfions) of fuch Power (as is 
<< tbu according to whicfa the Progireffion is made) encreas'd 1^ 
^ I. namely, of Laterals j ; of Squares { ; of Cubes 1; of BL. 
^ drats I; (of fo many times die greasftn) and foonwuds infr 
«nitdy;* 

This Dilcourfe of the VoBor's I diought convenient to inlert, 
fuppofing it may mve fome iatis&flion to the L^mer, to hear fo 
Qreat a Man as Dc WaHU^ Arguments about the Txudi of theft 
Series, which I have kiefly delivered in the 'foz^oix^ Lemmd^ 

\ 
\ 

LEMMA Vt, 

If any Two Series or Ranks of ProportJ6nals bave the fame Nuah 
her of Terms J (whether Finite or Infinite) U will afwdpfs 
cAs the firft Jbrm of one Series : is to the firft Term of the 

%e ^ other Series : : fo is the Sum of M the Terms in the me Sf 
cries : to the Sum qf all Ibe Terms iu the ptber series* 

{12.^.5.) 
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As in thefc Numbers^ i 

2 

3 

• 4 

• 6 



6 
9 

12 

i8 



;rhat 



IS, 



21:63 



Or thefe Numbers J 4 
12 

108 

324 
572 

And 4 



,5 

i?5 

405 

1215 



5^ : : 1456:1820 Stz, 

TheApplication of thefe Lemmds to Geometrical Quantitiei] ' 
viz.. to L/«^j, Superficies y aad ,S(^//^^, wholly depends upon^ graiK- 
ing the foUowing jSypofhefe^. 

The ^tp0t^t(C8. 

1. That every Line is fuppbs'd to coriift (or be OM^bVd) of 
ao infinite Seriei of Equidifiant Paints. 

2. A Surface (ifiz.' the Area of a*ry Figure J to confift 6f an in- 
finite Scries of Lines, eithtit flreight or crooked^ acbordingas'che 
i^^r^, requires. 

5. A Solid to confift of *an infinite Series of PUins] ciSuperjj^ 
tiesj according as its figure requires. 

Not that we luppofe Lines, which have really no Breddtb\ can 
ill a Space or Superficies 5 or, that Plains, whieh have not any 
Tbi^kmfs^ can confiitute a Solid : But by what we here call Linei 
arc to be underftood finaH Parallelograms (or other Superficies) 
hffiniulj narrow, yet fo, as that their Ertadtbs being all taken and 

St together, muft be E^al to the Figure they are luppcs*d ta 

And thofe Plains or Superficies^ which are here faicrto ebnffi-* 
tutc a Solid, are to be underftood infinitely thin • yet 10, as tiiac 
their depths or tbicknejfes (ivbich are hereafter afo calldLinis) 
being all taken togedier, muft be equal to the height of the pro. 
TpB'dSciid. 

Now, in order to render this Hypotheps as eafic for a Learner 
tonnderftand as I can, I ftiaH here propofe a very plain and fami- 
liar Eflf/fwp/^ 5 

Viz. Let us Suppofe anyfidoi to be composed (or made up) of 
100, 200, 300 (mare or lefsj Leaves of fine Paper ; fuch. a hook 
being clofe put together, will have levgtb^ breadth, and d^pth or 
ibicknefs, and therefore may (not improperly) be calFd 3,So^id; 
and each of its Edges (being evenly cut J will be 2iS'^prfi it's 
composed of z Series .of fm^i Parallelograms^ everyone of rheir 
hreadtbs being only the Edge of a fitigle Leaf of Paper ; and if 
we conceive the Thicknefs of every ojie of thbfc Leaves to be 

Fff divi' 
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divided into lo, or lOO, or 1000,8^. they will then become fuch 
a Seifies o( hfinit^lyfmallLmes as are (hy the Hypotbefts) (aid 
to compofe or fill up a Super ficiesi 

And all the Superficies of thofe ififinitelf'ihin er divided 
Leaves of Paper, will become fuch a Scries oi Plains^ or Super' 
ficiesj as are faid to conftitute a Solidy viz. fuch a Solid as the 
iiignefs and Figure of that Booh 

Now according to this Idea of Lines, Superficies, and Solids, 
• one may, without the leaft Prejudice to any Demonflrationy admit 
of Hie following Definitions and Theorems. 

jBDefimttom. 

1 The Aredsoi $qua/esy and all other Parallelograms^ arc comJ 
{x)s*d oi**fi]rd up with an infmie Series of equal ^igbt^Unes. 

' n. The Area of every plain Triangle is composed of an infi' 
nite Series of Rjgbt-lines parallel to its Bafe^ and equally decrea* 
fing until they terminate in a Point at the Vertical Angle. 

IIL The Area of a Cirr /^ may be composed cither of an infinite 
Series of concentrick otfarallel Circle' Sy or of an 2>jf!«/f^ Series 
oi Chord-lines parallel to its Diameter, or of an innumerable mul- 
titude of SeSors. 

IV. The Area of an ElHpJis may be composed either of an /«* 
finite Series of Ordinates rightly apply d^ or of an infinite Se2 
ties o{ night-lines parallel to its Tranfverfe Diameter. 

V. The Areas of the Parabola and Hyperhola arc compos'd 
of an infinite Series of Ordinates ;, or may alfo be compos'd of 
jRigit'bnes parallel to its Axis, &c. 

V}. A Prifm is a /o/iV Jl^ody contain'd or included within feve- 
rat equal PdraHelograms, havhig its B^j oi Ends equal, atid 
frlik^ ; and it s generally nam'd aca)rduig to die Figure of its 
Eafe : That is,. 

VII. A Ciihe (or Solid like a Dye) is a Prifm bounded or in- 
eluded within Six equal fquare Plains, 

VIII. A Parallelopipedon is a Prifm that hath its Sides bounded 
or included within four equal Parallelog/rams and two Iquare Bafes 
ct E'zds. 

IX. A Cylinder (dr Solid, like a RolUng-ftone in a darden) is 
brt!y St rotfnd Frifm^ having its tafes or JE'ids a fcvkSt Circle. 

X. The 



:.l 
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X^ The Solidity of every Prifm is compos'd of an infinite [e^ 
He^ of equal Plains, parallel and alike to chat of its Safe. 

'XI. A Pyramid is a Solid bounded or included within feveral 
plain Triangles fet upon any Folygonous Bafe, having their verii" 
'a1 ^Tfgles all meeting together m a Point, calFd the Vertex^ and 
cakes Its Name from die Figure of its Bafe, v'^:C if it has a Square 
Safey 'tis caird 2,fquare Pyramid 5 if ^ triangular Bafe, 'tis call'd a 
ria?igular Pyramid^ &c. 

XII. A Cone is only a round Pyramid, which hath been already 
lefined in Page 3S5> &c. 

XIII. The Solidity of every Pyramid is compos*d or conftituted 
of an infinite feries of Plains^ paraUclj^and alike to that of its Bafe, 
equally decreafing until they terminate in a Point at the Vertex. 

XIV. A Sphere or Globe (viz. a Ball) is a Solid bounded or 
included wichin one Regular Superficies, being form'd or genera- 
ted by the {Rotation of a Semi-circle about its Diameter^ (call'd 
the Axis of a Sphere A and its Solidity is compos'd or conftituted 
of an infinite pries of Conce?ttri€k Circles^ whofe Diameters are 
the Chords of that Circle by which it was form'd. 

XV. A Spheroid (or Egg like Figure) is a Solid bounded with 
one Regular Superficies, form'd by the Rotation of a SemiTellipJis 
afcout its Tranfverfe Diameter, (calVd the Axis of the Spheroid) 
and its Solidity is conftituted of an infinite ^ries of Conc'entrick 
CircleSy whofe Diameters are the Ordinate s of diat EUipfis by 
which it was form'd. 

XVI. There is another fort of Solid call'd an Oilate Spheroid^ 
being form'd by the Rotation of an EHipfis about its Conjugatt( 
DiameteTy and is like a flat Turnep. 

XVII. If 2L Semi'paraiola he turrTd about its Axis, 'twill form 
a Solid call'd a Parahola Conoid, being compos'd or conftituted of 
an infinite feries of Circles, whofe Diameters are the Ordinates 
of z Parabola. 

XVin. If a Parabola be turn'd about its Baje^ or greatcft Orrf/^ 
Tiate, 'twill form a Solid call'd a Pyramidoid^ but moft commonly 
a Parabolick Spindle, which will be conftituted of an infinite je^ 
ries of Circles, whofe Diameters arc Hjgbt^lines paiallel to th^ 
Parabolas Axis. 

XIX. If an Hyperbola be turn d about its Axis, 'twill form a 
Solid caird an HyperboUck Conoid, being conftituted of an infi^ 
nite feries of Circles whofe Diameters arc tjic Ordinates of the 
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XXI I'he Curve Suferficies of all Circular Solids (viz. Cjffi*. 
dersj ConeSy SfbereSj Stc.) are composed of an infijitite Series of 
ihe Perifberies of thofe Cirdes which conflitute their Solidities. 

Upon th<fc Definitions arc grounded all the fdlowji^ Tbed* 
rem ; and ihcrcfore, if they were diligently compar'd with chdr 
rcfpcaive Figures, it muft needs be of great Help to the Learner, 
and would render all that follows very eafte ; wherein I fliall be. 
gin with what Juth been dreadj demonjiratecf^ by way of introdu- 
diig the reft, 

THEOREM!. 

The Area 0/ every l^ghi-angkd Farallelogram is obtazjid Ff 
multiplying the Length into its Breadtbi 

That is, BDyL^B— the Area ot the Parallelogram BDFGj 
by Z^/»iw/i I, compar'd with- Dfiv jr ff 
finition i. 

Example. 

Suppofe BD — 26, and F£ =p 
Then 26 X P = 294 the Area. 
See Proh. i, Pag, 339. 



J5 

t T H E O R E M n. 

The Area p/ every plain Triangle is equal to belf the Ana cf 
its Circumfcrihing Parallelograpi. 

-fj^nt is,ill^i£d rr the Area qf ABCp, in the following 
Figure. 

jS^tmonffration. 

Suppofe the Perpendicular C A to h^ divided into an infioke 
number of equal Parts^ as at the 
I'oints a^ a^ a^ &c. and through 
rhofe Points there were drawn 
K ight lines parallel to tlie Bafe 
£ D,(v'iz, had.hadjhad.Scc.) 
1 hen will thofe Lines be a Series 
of Tarms in Aritbmetick Prpgnf^ 
fdv., beginning at the Point C, (viz. 

o, hd^zkd,:^hd^^c,.2s ia evident by the Figure, wbeuin B D 
IS th€ grt^ateft T,rm = i, and C >i the Number of Terms = N. 

• But 
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But \ NL:=iSj by Lemma 2. And S=the Trianj^^'s Atba 
^ D€fimcion 2. Q. £. D. 

Example. Let £ D = 26, and C ^ = 9 As above, 

rhen?^^ = ii7, Or*|.X9=,ii7- Or thus 26/%= "7. 
iie Area required. [See Problem 5, Tuge 330.] 

T H E O R EM in. 

Thif Peripheries of Circles are in Proportion one to another 
as their Diameters are. 

Demonitratioit. 

• Let the Periphery of a CMe be divided into any Number of 
<equal Arches by Right-lines drawn from 
the Centre, (viz. Radiuses) fuppofe *em 
8, as in the annex'd Figure, wherein* 
^ £ is one of them ; Then, if thro' any 
Point in the Radius there be drawn a 
coTKentrick or parallel Chile, its Peri^ 
fbery will alfo be devided into 8 equal 
Ardies by thofe i^iuss^ one whereof 
Drill htai, and the A (7^ ^ ^vill be like 
to t^O AH. 

Therefore Caxah ::C A:AB. Of Ca iC A iiahiAB 
Coxifequentlj 2Cai2,C dii^aii^AB. 
BiK 2Ctf=r^4 the Diameter of the Circle, mhoSkPeripbery h 

8 ah. 
And 2C A^DAjthc Diameter of the Circle, whofe Periphery 

is SAB. Therefore, &c. as by Theorem. Q. E. D. 

Example. 

Iq Chapter 6, Part III, it was founds that if the Diameter of a 
Cirde be 2, its Periphery will be 6,28ijl855, &c. 

Ergo^ 2 : 5,2831853, &c : : i : 3,14159265, Sec the Peri* 
fhery of the Circle whofe Diameter is I* 

CoroUary. 

Hence it follows, that becaufe tfe/fy, or i, may be made the 
firfi Term in the Proportiony therefore 3,14159265, &c may be 
made aconftantor fettled FaSIor; which being multiply*d into 
any proposed Diameter, will produce the Periphery of that Circle. 

Note, Infieai of 31I4159265, &c. it may he fufficient to take 
^»[y3>Hi6. . 

Or 
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Or J /« vshole Numbers the Proportion may he^ 
As 7 : 22 : : Diam . : Perifberj^itbefe Nutnbers may f^^fe^ , 
Or i\y.^^^i:Diamr.'Perifherjy\and are often ufeaiactr- ' 

man FraBice. 

T H E Q R E M IV. 

Toe Area of any Scftor of a Cirdc Is equal to half the ReBaag^ 
of the Radius into its Arch. * 

Tbatis,^^^^!^^^^^^=tbe hitzofACP. 

SOemonftrattoit. 

Suppofc the Radius C Atoht divided .into an infinite feries 0/ 
JEquidrftant Points, as a^ e, y, &cJ'and 
through thofe Points there were drawn r o«- 
centrfck or parallel Arches^ as ^ J, e d, yf^ &x:, 
Then they will be a Series of Arches in 
Arithmetick Progreffion^ beginning at the 
Point Cj (viz. o, i, 2, 3,8r.]) as plainly ap* 
pears by the Figure, wherein tlie greatefl 
; term is >^ 5 = Z, and Nu^iher of Termsi is 
C,A — N. But ; NL = 5 the Sum of all 
the Series, by Lemma 2, and S =;:th9 Seflor's 
Arfayby Vefinition 3. Q. E. D. . 

Example. 
' Let the Radius OA =12. And the Arch A B = 8. 




7henaX8_^8. 



Or 1X12 = 4?i 



Or 'JX8;=48. 

- the Area of the Seftor AC'S. 

' 'T'^ E O R E M V^ '^ 
The Area of every Circle is equal to half the ReBlangle of the 

Radius into its Periphery. 
That is, according to Archimedes, a Circle is equal to a RigbU 
avgj.ed Triangle, whofe Sides containing the Rigbt-ang/^ are 
ejual, one to 1^/? Radius, and the other tdthe Perimeter of that 
Cmltf. Pro. I. de Dimenfione Circuli. 
The Truth of this Theorem may be eafily deduced from the 
7/7^ thus J If we luppofe tH^ laft Scaor to be one Eighth-part of a 

Circle, then it follows, that ^/^^ ^^^ss4w<gX ^^ wiUbc 
the Area of the whole Circle. 

But ^ABz^ half the Circle's Periphery, ana C^ = half its 
Piameter j pierefore, f^c. As pr Theoreii Q. E, D. 

' - c' ■ ■ ' '- Exam: 
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Example. 

r th^ Diameter be U^?/Vjr, or i, the Perifherj will be 3,141592^5 
^c^ by Theorem 3, 

rhcrt -^^'^'^^"^^ X 4^ =0,78539816, &c. (or 0,7854 > r(,;». 
iO» Uje) win bcthe ijr^/i of thatCiiclc. 

Scholium. 
From hence naturally flows the following Proportion between 
he Square and its infcrib*d Circle. 

r As the Perimeter (viz. the Sum of the Four Sides) 
|^}Opo;ti0n.< 0/ any Square : is to its Area : : fo is the Peri- 
I phery of tbelnfcriVd Circle : to its Area. 

That is, fuppofing -4 B = Z) = the Side of the Square, and 
the Diameter of its InfcriVd Circle ; 
Then 4Z) = the Perimeter, D Z) = the 
-/^r^/i of the Square, and 3,1416 D = the 
Periphery of the Circle, by Theorem 3. 
But 4D : £)Z) : : 3,1416!): 0,7854 JDjD= 
the Circle's ^r^/z. • 

And if D = I ; Then 4 D r= 4 and 

D D ss I X I = 1 5 and the Periphery 

will be 3,1416. 

Then 4:1:11: 0,7854 &c. As in the Example above. 
And from hence may be eafily deduced the following Theorems. 

TH E OR E M VI. 

The Area's of all Circles are in Proportion one to aonther as the 
Squares of their Diameters. (2. e. 12.) 

For if Z) = the Diameter of one Circk, arid d = the Diamc. 
t^r of another Circle, 
Then will 0,7854 D D be the Area of one Girdle, arid 9,7854 dd 

' will be the Area of the other Circle ; as above. 
But 0,7854 DD : 0,7854 ddiiDDzdd. Or thus, 

Let D =ii: the Diameter, and P = the Periphery ot one Circle; 
«/= the Diameter, * . - • . - , ^. , 




Then 
And 

1X4 
2 X 4 




bP—^A 

dp zrz^a 



(pev'laft Theorem. 
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But 
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7|P:f •'• ^-'^j pet r&^(?r^w 3^ 



4DD/f = 4«f^^. Thatis, DD^sssi/^i^ 
DDzAiiddia. Ot AiaiiDD idd 
\ Q.E.n 



CwtMary. 

Henoe it follows, that becaufe the Square of i is i, (rbu 

I X I = I) and 017859981^9 8f. or 0,7854 is the Area of the 
Circle whde Diameter is i, (ai hefore) therefore it mil be 

X : 0,7854 : : fo is the Square of any Circle's Diameter : to ici 
Area. And becaufe i is the fir ft Term in the Profortio»j theie* 
fore 0,^854 ™^7 "^ "^^ ^ coniiant FaSor ; which being mot 
tiply'd into the Square of any propos'd Diameter, wiQ produce die 
Area of that Qrde. 

Note, The Tjtntr laft Theorems do flainlj Jhew tbe ReaTon $f 
all the common or fraSital Problems about a Circle, wbUij f» 
the LeamerV fartberfaiisfaSliony I have here inferted togetber, 
Sufpofing as hefore^ 

rD =i^ Dimeter f 
TbatJF=iiitPeripberj> of toy propofed Cirde ; 
cAs=zt htArea. j 

FroH.u Dheinggiveny JbpndV. 



Then 



Examf. 



I. 



Then 
And 



2 -r 



i:^,l4i6::Z):? ferThtonxa.:^, 

^,1416 2) =:P 

VSuppofeZ)«:52. Then 9,1416 X 32 =siocv$i|i3 

I the Perifhiry. 

— Ill mil NIB |- I " I - II ■ ■_ _ ■ ^ 

ProbU 2. D ieingffvezfy Tbfind A. 
I -0,7854:: 2):^ /^^Thecicem6. 
0,7854.1) D = ^ 
Stippofe D = 32, (as before) 
D fl = 32 X 32 = 1024 
o>7854 X 1024 = 804,2496 the Area lequir^d. 



Ifrobi. 3. P heinggiven^ TofindD. 
D = -^V Ori'^^^iTrVrd = 0,318^ 
3,1416 J irhcrefere 0,3183 F=D. 
Thisl)eing only Converfe to they&y?, needs no JBxiMr. 



2 ©• ^ 



[" limlJ J. - I ■ ■ ■ ' •' .mij i j u.i iii JHJ 1 i, I I .. 11 i m 

f ^Ppifd to ^gperfltCfelB? and %sm$. 

ProhA. P, heinzgheu. To fin 



2 Q- 2, 

4-r 

For 

I 

7, 8 

"9 X &c. 

8 no 2 



Prok.d. P, ieinseiveit. To find A. 
9fi696%l>I>Z,pP ' 

PP 

^^-'9m6% Or 0,10132 PP = Z)Z) 
^^=^ Ori,2732^ = Dfl 



10 



PP ~ ^ 



1^=- ^ Or0^mrFP:^A 



II 



w 

lOX fe^jl2 



12 



m 2 1 13 



D 



-- ^y idL- Or n =Ay T o-y-^-^ >* 



jT'ver, -j» XL tfoi^^ ^^jjcfBy x^jiai, 

' = '^? ; ^ Or Z )=^ V 1,2732^ 
Prdh.6- Ahetngglven^ to find P» 

PP= 12,5664^ Or PPzs — :!—. 
^ ^ 0,07957 

^ ^ o^7P57 



Thcfe Si;^ ProMems contain aU thef^/^ that can be pro- 
pofed about findbg the Perifbarjy DiamefiTy and A^ea of any 

But if it be required to find the Area of anv Segment^ or Part 
of a Grrfe cut oflF by zCbord^ that Work will require a farther 
Confideration. 

Firft, As to the Data, thciie muft always be given thr Diamem 
fer; or, either the Periphery or Area of* the Circle j in order to 
finithc Diameter. 

Secondly, There muft alfo be given, either the Chordy which 
is the £afe of the Segment , or the verfed Sine^ which is the 
Height of the S^g»2^«f . 

That is, cither B G, ot AF, in the following Scheme^ mull" 
be given, that fo the Area of the A B C G may be found. 

Then it*s evident, (hy the Figure) that if the Area of the 
A B CG be taken from the Area of the SeSior C B A Gy the 
fiimainder will be the -4r^tf of the Segment £aG. 

And if the Area of the Segment B AG he taken from the 
whole Area of the C/We», the Remainder wiU be the Area of 
the other S^^«f;rt D BC. 



GgS 



Efcamr, 



^IMBlB 
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Example in Numbers. 

I ct there be civtn DW - 32. as in Froh. i. 
Ai\vl the v^rft d Sine A^ 7=: 6* 
Ihcn \tA-BC—CA^i6. 
AikI c^-f -. /f F ~ C F=io. 

ivt r] />(• — nCF— D B F. 

C\H\tcvlocntly ^UBC^UCF—BF 

IViX by th« IXflrinc of p^ain Tri- 
^^X \*^ ^'^^ i^b BA-rr^LBCA may be 
tvsuNi iv\ r.^O'.^ ^^'^ D;ramjl Parts. 

^l\\<yi ^ c : AV..;jfi : : B F: Sire ^BCP^= ^i^^ 31 Degrees. 
%<\\\ t> A a it \t; 1 jil^>;iy:j hv^U in this Fropcrtiwt 5 

.l.v ;X V ;-,\V\i Ftriff^-rj iM L^ees z is to its Peripberf 
Tjt^s (icccrviiiig to the Diiw m fi n m taken) : : 
"^vNV r.v f^' ,f* ^ i^L^s^s (viz.LBCAj iTotbefime 
V ^. .**• ^"^ o^ Frxjs y<Ms. 

\^\^ vs uv^' .' KXN^ U2 :: ^i^ .^i : 14,5^284 zziBA. 
\ N K 1 4- \^^v N u- = ^:o.:^^44L the Atsm ci: tise SeSor BCAG. 
\ V > \,.- \ Xv^ -- 1 C4..>^ t:>e Jt-:A c£eat ^MCG. 

\ ' N Nv Ts \vAK>t i.m.:n^a = toe ArtM of the Segm, BAG. 
IN ^;^^ p^ -t st ^^^^S.x^Hs^tmxf be cchoviie ibmd (msmp 

Vv < V x^ X I >c K>- i'^s^-zr cc iiu^cir»^ c£ ioA a I2i*fc is 

^^;^ y>3X' ..■w* 






r S. O ? L E M. 








jf J ill- XL 



off If d to ^uperfiCfeiS and ^oKbiBf. 



4ti 



Now this Segment being thus found, if you SubduS if from 
anl7«/f, ^oxiYtxvQ i\ie Co fegme^ty 8cc . . 

Note, Notwithftanding what ms heenfaid in the fecond Pre-^ 
ccpt cf this Probfcm, it very often falls out tbaf th^ Remainder 
there ffoken of. cannot he truly found in the Tdile of Natural 
Sines; therefore in this Cafe my Advice 7 Sy that you make Two 
Operations^ one with a Sine the next Greater^ and one with 
a Sine the next Lefs ; and i^ fo doing you will he furfi ta have\ 
the Segment requird hounded hetween the S^fuHs of t^ofe Two 
Operations. 

Example, Let it he propqfed to find the Correfpondent Segment 
to the verfed Sine 263. 

Firft, 265 X 0,002 = 0,526, and 1 — 0,526 = 0,174, its 
Arch W28**, 29 being Lefs than juft 5 its Complem'ent is 61,71 
which being doubled, is 123,42 -znA. 
Then ,0174533 A = 2,154086286 

= 0,8346556=^5 T\it Sine dE A. 

6,2831853) 1,3x9430686 Co,209P93 the 5^^v»tf«f. 
Now 1 maie a fecond Work. 
263 being Multiplied with 0,002 is 526. and 1—526 ■== 0,47^ 
ite \^ch is 28^,30- being greater than juft ; and its Complement is 
61,70; which being doubled is 123,4 zr:^^ ■ 

Then 0,0174533 A — 2,1537372 

^ 0,8348478 = S the Sine of A 

, 6,2831853) 1,3188894 {0,29907 the Segment. 

So you fee by thefe Two Operations that the Segment is bound- 
ed, and 'tis very probable it may be 0,20995. 

But to abbreviate this Large FaSior, and this Large Divisor ^ 
I Ihall hete infert Two Tahlts of them, wiiich will be.re^4y for " 
Vky and JS!v^z(5? enough too. . 



Divifor, 
6,2832 
12,5664 
1^,8495 
2 5>i327 
3134155^ 
37,6991 
43,9823 
50,2655 
56,5487 



FaSlor. 

,0174533 

,0349066 

,052359^^ 
,0698132 
,0872665 

,1047197 
,1221730 
,1396263 
,1570796 



Thus far, Mr. Darie^ which I 
have here inferred to ihew the 
Learner how, \^ the Help of 
thefe two Tahles, and a Tahle 
of Natural Sines, he may eafily 
-make ^ Table of Segme^tts, whofe 
Ufe fhall be fliew'd farther ofi, 
viz. when I come to treat of 
Fraclical Gauging. In the mean 
Time I fhall here lay down ano- 
ther Method to find the Arjea of 

Ggg 2 ' any 



T^ 



4IX The artti^eticfe of Stifiniteg Pan T. 

any Segmifnt ot a Ciff/^ (pery^e/ir) by a i\r^t» Tbeigremj ^ni^ 
out the Help either of a T^Wi? (£. Sines or Seffnenis, imving te. i 
lame Z>iifij as before in Page 404. ^ 

C it zr: the JUadiMS, or 1 Diameter of the given Wrrfr. 
W;j. Let< d = the Difference between the verfedSine and Radmg. 

LCz^ half. tibc CAarJ of the Segnenfs JBafe. 

Efcamplej Suppofe R = BCz=z l6. d = FC=^io. and 
C ^=:BFr=z 1249. As before 
Then 2 I ifiE = 597,3353 t f ilrf==2i3,3?33* ^^=-ioa 



liif+rf=:34) 284POCX) (8,3529 

Laftly, 8,:?«;2^ V 
SAG, 



Laffly, 8,5529 X 1249 = 104,3276 the ^Ir^tf <rf the^^miMf 

^^ As before. 



THEOREM Vn. 

^j Sjir^f ^^ are f f j&^ Area's o/f j&^fr InfcriFd Circles, So are Tai 
r allele ffams to the Area's of their Inftrih'd EUifJis. 

r y^x the Square of the Diameter of any Circle : is to iU 
That is, ^ Area : : So is the Rea angle of the Tranfverfe m^ 
CConjugate Diameters of any EUifJis i to its Area. 

Wtmmlttstkn. 

ir^K'^^H'^^. any ElUpJis with a Circle ; and fappofe an Infinite 
mmherot Chord Unes drawn therein, all parallel to the Co«. 
jugcae Diameter 5 as thofe in the annexed Fiffcre 5 then it will 

cAs (D A) the Diameter of the Circle : Is to (Nn) the 
^^^Conjutate Diameter of the Elipfis :: So is (BaB) anf 

Y.^<>rl in the Circle :To (b a b) its reffeBive Ordinate 

%^tnthe EHipfs, • 

For according to the Property of the Circle 



It IS 

And 

it is 

I, 2r 

5, Hence 

Confeq. 

That is 

Put 

Then 



TS—TayiTa=a Ba 

by the Property of the Blip lis 

nTC:DNCl:TS^TaXTh:nba 
31 DTT: DM?: : TS—BAiUta 
^\TC:NCi:Baihsi 
<i\2TC : 2 N C :: 2 B a : 2b a 
6\Dj:Nn;:BaB:bab 
7\Dz=z2TC, mdd—2NC 

8ll^'^::Chord£ab:Ordt^aiebaby &c, 




?iH 



^ 



afflfd tQ ^ttpetfiiCteSl and ^OliD0. 41 } 



I*'- But die Bum ot an iwfimie Series of fuch Chords^ as 2 a B, 

|d coniUtute the Area of the Circle^ by Definition 3* 

r And the Strm of the like Series of tteir refpefiive Ordinate s^ 

ja * tf *, do conftitute the Bllipfiss Area, by Definition 4. 

' Xheiefore D : 1/ : : Circle's Area : Ellifftss Area^ by L^inMtf 6. 

^' But VxdiiDDiDd. Whence it Allows, 

tTiat D D : CircU^ Area iiDdi Eltiffiss Area. Q. E. D. 

I Confequcndy, As i : is to 0,785^ : : fo is the ReEtangle, or 

froduB of the liranfverfe, and Conjugate Diameters of ^^^ JSJf- 

jF/>/?x : K its Area. 

• MxamfU^ Sappofe 715 = 3[6. and Afe=i6. Then 36 ^ 16 —575. 

i^nd 576 X 0)7854=452,3904 the^^tf of the Elliffis. 

CoroJIaries* 

1. Hence it is eafy to concdve, that iSait>S0Mre l^cf of the 
fteSiangle or TroduB of the Tranfverfej zrA'ConJugate Diame-^ 
\ersy will be the Diameter of a C?rf& whofe ^^iu will be Equal to, 
the Miffiss Area. 

Viz. ^ 576 = 24 the Diameter of a Cw/^ = to the Effipfis. 

2. All Segments of an EUiffis and its Circutnfcribing'CircJe^ 
fwbeje Safes are parallel to the Conjugate Diameter y ana of the 
fume Height) aie in Proportion one to another, as their Bafes are,' 
That is, BaB: hah:: Area Segments NB: Area Segment hNh; 
Or r^" : Nn : : Area Segment BNB: Area Segment b Nh. 

THEOREM vnL 

The Area of every Eflipfis, is a mean Proportional heMeen the 
Axe3LS Of its Circumfcribing, and Infciib'd Circle's 

^'be Truth of £tds Theorem may be eafily deduced fxom the. 
Lift ; for fiippofing D = T 5, and 
d:=Nn, as before. Then it is al- 
ready prov'd, that D D: Dd:: Cir^ 
eumfcribing Circle's Area : SJlipfis's 
Area. 

B\}tDD:Vd::Dd:'dd. 
Therefore EHipfiis Area : hifcrWd 
Circles Area: :D4'*dd, 
By Theorem 6. 

"• M-*^-' 

l^xampley L^tTS = I> = :i6.zr)dNn:ssidja^l6. As before. 
Then 01)==; 1296. smd dd=: 256. " '/ 

^ • ,Theii 



^^^'^^'n 
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ThcnwiB 5 1^^6X0,7854=^ 1017,8784 the ^r^^i^Crf^&VAitt 
i 256 X 0,7854 = 201,0624. • 

Suppofe A = dtdEllifJis'i Are4u Tbepy accorduig to tfaej^s^^ 
rem, it will be, 1017,8784 lAxxAx 201,0624. | 

Ergo AA= 1017,8784 X : 201,0624 = 204657,07401216. 

Confequcntly, ^ 204657,07401216 =3 452,5904 = Ay the 
Area of the ElUffisy As tcfore in the JLz^ Examfle, 

Corollary. 

From heiice it fqllows, that all Segments of an EHipfis anc 
its Infcrib'd CircU^ whofe Bafis are farallel to the TroMfver^ 
Diameter^ and have the fame Height^ are in Proportion one G 
another as the Areas of the Ellipfis and Circle arc. 

That is, Area of 6Vrr/f : Area of EHipfis : : Segment hNh 1 
Segment BNB. . 

Or, Nn.TSi: Area Seg/nent hNii Area Scgoient B/^S. 

T H E O R E M K. 

TStf Solid Content of any Prifm (what Figure foever its Baft is 
of) is oHain'd hy multiplying the Area of its Bafe into its 

• BeigAt. 

For Infiance, a Pamllelopipedon (or Square Prifm) is confli- 
tuted of an ^'finite Series o£ Equal Squares i 
that of its B^/^ E A being one of the Termsy 
and its Hi';;f/&f JD B, or G 4 the Numher of all 
thcJRrwj. 

Confcquently, tbe^ri<?^of ^>i*/!zXZ)5 = 
the 5z/»? of all the Series (by. L^/wik^ i.) which 
is the Solidity of the Parallelopipodon DBG A, 
hi DefiniuoH 10. 

Example, Snppofe the Side of the ^afe BA:zzi& 

a id the Height Z) B ~ 42. : 5 

Then will 10 X 16 = 256 be the Af?a of the t ~ I 

B.ife. And 256 X 4^ as I0752the SoUdCon- ^-''.r...'. j'^ 

t£*tf r of the Parallelopipedon DBGA. * 

In flliis Manner you may fiiid the Solidity of all regular i'o^* 
gf^oiis PripiSj whole S/z/^j ( qr Ends ) 2xt, far/^t^l and alike, 
what Fcrra foever they are of. 

Th.ir is, whether their BaCes are Tria^ksy Pentagons^ Hexa* 
go:iSi or G'cUgvis^ Scz^ ' • •' ^ - .' ^ • . . • • •> 

• • T Hj ¥ Or 




apply^d to ^UVtVtiCie» and ^tfUnfi, 41 J 

T M E O R E M X. 

hety pyramid is ibe Tbiri Part of tbe Frifin^ that bath tba^ 
faille Bafe and Height with it. (7. ^.12)* 

, That is, die Solid Content of the Pyramid B V Aj (in tbe 
tft F igure) is one Third oUts circiimfcribing Trifm L B G A. 

JSDemotiffrattoti. 

For evety Pyramd thzt hith a fauare Safe (as BAha, in tbe 
^ Figure) is conftitutcd of an Infinite Series of Squares^ whofe 

ies or Roots are continually encreapng in Arithmetick Progrep- 

•«, beginning at the Vertex or Point y (Sec Theor. 2) its Bafe 

\ Ah a^ being the Greatefl Term^ (z=i LL) and its ferfendictdar 

^eigbtVCy 



NLL 



—S 



prD J5, isthe2V»/«J^of allthe 3Jr«»^ {:=^N)\ but 

the Sum of all the Series^ by Lemma 3. and 5= the Solid Gon^ 
tent of the Pyramid BF Ay By Definition 1 :j. 

Example J Suppofe the Side of a Pyramid*s Bafe he B A = 16. 
ttid its Bright heVCz=: 42. Then 16 X 16 = 256 the Area 

zxAiX&BafeBAha. And25^^= 3584. Or 2llx42=:3584 

Or thus, 256 X ^f = 3584, is the Solidity of that Pyramid B VA. 

Corollary. 

From, hence it will be Ealy to conceive, that every Pyramid 
1% ^ (^ its Circumfcrihing Prifm, what Form foever its Bafe is 
' of, vit. whether it be a Square^ Jhiangley Pentagon^ &c 

T H E O R E M XL 

The Solid Content of every Cylinder^ is obtain d by Multiplying 
the Area of its Bafe into its Height. 



For every Eight Cylinder is only a round 
Prifmj being confticuted of an Infinite Series 
o{ €q}X^\ Circjes ; that of its Bafi or End be- 
ing one of tht T^rmsy and its Height BD is 
the Number of alfthe Terms. Therefore the 
Area of its Bafe B A being multiply d into 
t 5, will be its SoUdityy by Lemma 1. F/;(. 
LctjD=?*i, andH=5fi W. j^ 

Then 0,7854 DP XH" = «sSo/;V/Vjr. . . 



'*"*••■ 



E^iample. 



^i6 TbeMiifmt^ w 

Bxsmpjej Let the LUmtter of m Brfe be2>s: 19, ao&^ 
firj^i&c Hr=: 42. 
Hiefi I :Oy7854 zziS^iSsx 256: 20ip6zf dit Aft$ 

And 201^24 X 42 = 8444,6208 die S9/1V CdxTraf or 
CyUj^er DBGA. 

CaroUarf. 

Hence it is evident, dut every Sfure VarJUkfipethn is 
tti If^cnVd C^inder^ As i : is to 0^8)4^ Or in whole Ih 
yersj as 452 : to 355 vcjy near. 

And diat all Vrifms are in TroPonim to dieir Infcr&^dOifi 
iersy as the Jlreds df tbdi Ba\i:i are. 

THEOREM Xn. 

The Cun>e Suferficies of every Right Cjlhtder is Eqmal to t 
Reclaugle made of its Height into the periphery of its Aj^. 

That isj D B multiply d into die Periphery of the Dnoi^ 
ter B Ay will produce the Curve Superficies of the Laft CySmh 
DBG A. 

For the Cylinder is conjlituted dE an Infinite Series of Eqin 
Circles (according to ibe laft Theorem.) Therefore its Cun 
Super^cies is composed of the Peripheries of thofe Circles^ if 
Definition 20. But the Periphery rf its Bafe BA is one of the 
Ikrmsy and its Height 2) £ is die Numter of lirm^. Therefore^ 
3r« Asby Lemma i. 

To which, if diere be Added the Area^s of both its Ends^ 
(or Bafes ) the ium wiU be the Superficies of the whole Cylinder^ 

Example. Soppole the Diameter of its Bafe to ht B A^ssiSA 
and iu »p/j;&* D i5 = 42; As before, 
Then i : 3,1416 : : 16 : 50,2656 the Periphery of its Bafe. 
^Aeain. i : 0,785^ : : 16 X 16 = 256 : 201,0624 die Area 
breach End or Bafe. 

Then ^0,2656 X 42^=2111,1552 the r«rr^S«f^^fiW. 
To which Add 201,0264 X 2 = 402,1248 bodi the end Areas. 

The Sum = 2513,2800 is the Superficies rf 
the whole Cylinder. 

THEOREM XIH. 

Every Cone is the Third Part of a Cylinder^ having the fame 
Bafe with it^ and their Altitudes Equal (lo. e. 12.) 



f 



liakkJ 



dppjyd to ^tlpergCfeg and ^Qjf Dg. _^ii 






' , The Truth' of this Theorem may be caffly conceived by ofiiy. 
bpQofideiingy that a Cone is but a ro«»^ Pyramid^ aiid therefore ic 
'teuft needs have the fame I(atio to its circumfcribing Cylinder di 
the Square Pyramid hath to its circumfcrihing Parallefofip^dij^^ 
viz, as I : to 3« However, to make it yet ckarer, let xc be &r^ 
Wier coiifider*d, that 

it Every jRjght Cone is confiitutedof an infi* 
ntie Series of CirdeSj whofe Di;^eters do 
Continually .cncreafe in Arith'metici P^ogreJJion^ 
be^^nning at the Vertex or Point T, the Area 
bf its JB/i/J? B A being the greatcft Jlrw, and ^ 

its perpendicular Height j^C the Number of / 

^11 the Kr/»j J therefore the AreaM the Cir-^ /' 

dc JS 4 X 3 J^C will be the Sum of all tbe Se^ . / ' 
Aw, by Lemma 5, which is the Coney's Solidrtj, /^ 

^Example. Let the Diameter of its Bafe be \,,j^_^ 
'£ A:^ i6, and its Height VCz=: 42 j 
■ Then i : 0,^854 • • i6%i6 =: 2$6 : 201^624 the Art^a of the 

;U<^- And 2££22^4X42 =, 28^4,8736 the SdM-'fi of riicCdne 
^B y^Ai Or thus, 201,0624 X ^/ = 2814,8736, 8^. 

Corollary 4 

, Hen<je it follows that every Iquare Pyramid is to its Inprii''4, 
i .Cont as I : 0,7854. (Or as 452:355) Confequcrttlx, th^t aljf 
Pyramids have the lame Ratio to their infcrtb'd Cones 2A x\\t Area$ 
of thcit Bafes have. 

TM EOR tU *XfV. 

The Curve Superficies of every Right Cone is e^ual fc, Wf ih'i^ 
ReBangle of the periphery af its Bafe into (he len^ti:/ of iff 
Side, 

The Truth of this Theiorerh b felf ^vidtot from the Dcfi^Hh^t, 
ofa'Cpnc, Chap, ly Part IV , wh^re it apRcirs rhic the Crirv^\ 
Superficies of every Right Cone ,(^^/ jB F4 J is equal tq die ^^n\4, 
of ^ Se&or -.of that Circle whofe Ji^ius h the- Siiis of jhe C<^m 
(V b) and its Arch equal to the Periphery . f th^ Cofie's Ea/i 
(^ -rfj. But the /^r*'<j of any StSior is equal to haK' dbie BfB^nge 
' rf.the iftf^fey into its Arck^b^ Theorem ^f, -Tiitrcfare^ £r- 
' ■ . -i ' jH hh ' ^^-^'^ 
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Example. Suppofe the Length of the Cone's Side to be ^ b, 
ovVA 42, y*)")!. 

And the Diameter of its Bafe, vi;^. 5 ^ = 16, (As before) 
Then will 50,265^ be the Periphery of its Bafe, 

Aiid 55>?^5^^*^^^"* =ro74.555^y 8^- th^ Curte of t!he 

Superficies. 
- To vvhich if therie be added, the Area of ks Bafe, the Sum will 
ht the Superficies oi the whole (viz. allt he) Cone. 

That is 1074,^553 

-4- 201,0624 Hie Area of the Bafe.- 

Siirri I27«>,6i77 is the total Superficies^ &c. 
Note, The Truth of this Theorem may he fro-bd from ibt 
Confvdercition of the lafi theorem^ and 'Lefiniiion 20. 

Scholium^ 

From the icth aiid 13th theorems may be eaffly deducedTevt* 
ral Theorems for fip.ding the foVid Content of any Frujium or Vart 
either ©f a Pyramid ot Cone^ cUt by a Plain parallel to its Bafe. 

V 

Suppofe a fquare Pyramid^ as B VA^ t6 Be* A: 

on t by a /^/^7« at a h^ parallel to its Bafe B Ay / :\. 

and it were required to find the Solidity of the / 1 \ 

Fruftum or Part ah A Bi Let there be gi*. 
ten 

D — B y^ the Side of the Greater Bafe. 

/;?«= h a the Side of the Leffer Bafe. 

Hz=z C P the perpendicular Height, 



Firft,| 

Then 
• And 

X. 2 



dH 




ilD-^diHiid:^ 

By Theorem 10. 
ddyi iVC- the Pyramid a Vb cut off.- 



And T, 3 



)^ 



DBy(.' 



■2 — ^C by the ^iguie. 



the whole Pyramid B KA^ 



J Z; DjD H 



d d d tl 
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— the Frtiftunl dt'jfB. 



I ;5 D — ^u 

7ii?Z) + Z)^ + ^ia:X ;^H = theFruftam^2^^^& 

.Vv^ijkli>irt# oid&'gives thi^ f;']iowing Theorem. 



T H O R E M XV. 

To the ReBangle of the Sides of the two Bafes, add the Sum of 
tbsir Squares; that Sum being multiply d into One Third of 
• tj&ff Fruftum's H^;*5^f, will give its tmuiitj. * '■ 

Example. Suppofe t^je Side of the greater BafeJ?^i= i6 
And th.e S^e of the leffpr Bafe (or Top) ab z=. \^ 
The Height C P = p. 
Then a6 y^i2 = 192. 16 X 16 = 256, and 12X1^ = I44t 

Next ip2 -h 256 + 144 = 592. ani ^^^^ - ^ =r 1776 

Or 592 X 3 = 1776 the Content of the Frujium of .a Square 
Pyramid. 

And if it were the X^^Frufium f^^ ^ Right Cone ^ it maybe 
Found by the fame Theorem* Suppofing D - the Diameret -of 
t!je grcarer Bafe, d = the Diameter of the lelTer, knd H i=: th?. 
Height of the Fr«y?«w ; 

Then being the Sum of all the Squares which conflitute the 
Frujiurn of a Square Pyramid^ are to the Sum Of all the Circle^ 
^hich conflitute the like Fruftum of a right Cone, in the Ratio- 
of I : to 0,7854 Cor of 452 r.to 555) Therefore 
it wiU £e I : 0,7854 ::!> I? 4-^^ +^'^XH: 0,7854 DO 
+ 0,7854 Z) rf+ 0,7854 dd%\ Hz=z the Cone's Frujium. 

That is, in the laft Example, i ; 0,7854 : : 1776 : 1394,8704 
the like Frujium of a right Cone. 

Or, becaufe t»ttt-+ = ^1273236, i§c. Therefore it * may be 
i»ade 1,173236) D Z) + D ^/+ dd % | H(sx the fame Frujiu^i 
That is, 1,2732^6) 1776 Ci394587i@^« As before. 

Ami if you take the TriP/^ of this DMfor, Wjj. 1,273236 X Z 
it wijl be 3,8?97) Ol> + fli + rfi : X H ( = the Fruftuui^ ^l 

Again, 
I |,v =? D — rfl And F— the Frujiurn 

2 1 D D + 2)^+ ^i/ = 2^, by the 7th Step of the UJi 



Suppofe 

Then 

1 ©-2 

2^3 



I 2F 

4^:>Bds:i^—xx 



5X7JI 6\d4+ \ XX ly^H -F the Frunum ah AB. 
Hence we have another Eafie Theorem tot finding the fame 

Pr^|i^n^. 

«bh? THEQ. 
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ExamflevciNumbfsrs* 

Let there be given DA -r 3 2. as in Froh. I. 
And the perpd Sine A^—6* 
Then \V A =:^ BC~ C Az=: 164 
And C A --AF ^ CF=io. , 

But n £ c — n£F^^n Bi^. 

Confeqtiently ^nBC^DCF—BF 

Then by the Dcflrinc of plain Trf- 
avgles, the ^rfib 5 ^ = L B C^ may be 
found in Vegrees and Decimal Parts. 

Thus B C : /Pj^i«« :i Bi FiStPte ^BC F= 51S 31 Degrees. 
And then it will always hold in this Vrofotiion ; 

• ^5 tibfi- CzVf/^'5 Perifberj in Degrees : £i fo ifi Peripberj 
iin equal Tarts (according to the Dimenfions taken) : : 
) So is the Arch in Degrees (viz. LBCA) iTo the fame 
. Arch in Equal Parts. 
That is, 360** : 100,5312 :: 51"* ,31 : 14.3.284 = BA. 
Then 14,3284 >< 16 = 229,2544 the Area of the Se£ior BCAG. 
And 12,49 X 10 r= 124,9 the Area of the A B C G. 

Their Difference 104,3544 = the Area of the S^^ot. BAG. 
Or the ^^4 of any Segment'xm^ be othcrwife found (asmoft 
tifually it is) by a T^fe of the Segfnents of a C/>r/^, whofe ^^^ 
is Unilyy or i. The Co^j?r«Sfo« or making of fuch a Table is 
very well laid down in Mr. Darie'sBook ot Ga$^ingy Cbaf. g. 
which he performs in this ProUem. 

• PROBLE^M. 

hi a Circle whofe Area is Unity ^ and its Diarnpter cut Ij Chord 
Lines into lOOO Equal Parts^ To find the Segment to any t«T- 
ftd Sine frofosd^ not exceeding 500.0/ thofe Equal Parts. 

1. Multiply the verfed Sine proposed by 0,002, and SuhfiraS 
the Produ^ from an Unit on. 

2. This Remainder you Ihall feek in the Common Table of i\&- 
iurdl Sines J (the Arch hei?zg Divided i^o Degrees and Cente^ 
ftmas.) which being found, let its Co'orch be doubled, and call'd A. 

:-3.. You muft iind the correfpo^zdent Sine to A^ which Sine be^- 
' ing foqnd, you may call S, and then it holds 
6,283x853) 0,0174532925 -^ — S ( =tbe Segment rcquirU 

• ^ ~ Noii 



affiyd to a^ttperfiCteg and ^OltDg> 41 1 

Now this Segment being thus found, ii you SuhdtiSi i% from 
an I7«if, yoirhavc the Cofegmeizt^ &c. 

Note, I^CiwiibJianding what has beenfaid m thefecond Pre-^ 
€xptcf ibis Vtohitmy it very often falls (M tba$ th^ Remainder 
there fpoken of. cannot te truly found in the Tahle of Natural 
Sine^ ; therefore in this Cafe my Advice isy that you make Two 
Operations^ one with a Sine the next Greater^ and one with 
a Sine the retxt Lefs ; and in fo doing you will he furfi fa havg, 
the Segment reguird iounded between the B^fuhs of t^ofe Two 
Operations. 

Example, Ut it ie fropofed to find the Correffondent Segment 
to the verfed Sine 263. 

Firft, 263 X 0,002 =:o,«> 26, and 1 — 0,526 = 0,474, its 
Anb is^iV^j 79 being Z>/> tlun jufl j its Complement is 61,71 
which being doubled, is 123,42 =: A. 
Then ,0174533-4 = 2,154086286 

= 0,8346556 = 5 ThcSr^^of^. 

6,2831853) 1,319430686 (o,209P93 the S^^/»tf«l. 
Now I maie a fecond Work. 
26'^ hting Multiplied with o,002 is 526. and 1—526 := 0,47^1. 
its Aftch is 28^,30- being greater than juft ; and its Complement is 
61,70; which being doubled is 123,4 =^ ' • - 

Then 0,0174533 ^ = 2,1537372 ^ ,. ... e . 
^ 0,8348478 = S the Sine of A 

, 6,2831853) I,3i888p4 (0,799^7 the Segment. 

So you fee by thefc Two Operations that the Segment is haand" 
cd, and 'tis very probable it may be 0,20995. 

But to abbreviate this Large FaSlor, and thb Large Divifor^ 
Ifliall here infert Two K J/r J of them, wiikh will be.re^4y for' 
Ufe, and E^aEi enough too. . 



[bivifor, 
6,2832 
12,5664 
19,8495 
251I327 
5i>4i5P 
37,6991 
43,9823 
50,2655 
S6,5487 



FaSlor. 

,0x74533 

,0349066 

,052^59^? 
,0698132 
,0872665 

,I047IP7 
,1221730 

,1396263 
,15707^6 



Thus far, Mr. Darie, which I 
have here inferred to ftiew the 
Learner how, ty the Help of 
thefe two Tahlesj and a Tahle 
of Natural Sines^ he may eafily 
•make a Tahle of Segments^ whole 
Ufe Ihall be Ihew'd fertlicr ofi, 
i;/z. when I come to treat of 
praclical Gauging. In the mean 
Time I fhall here lay down ano- 
ther Method to fiud the Area of 

Ggg 2 ' any 
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Hence 'tis evident, tlur the &»># ^aT^QeT, D j r.&c. 
gre in the fime i(^tff/o with Th^ Td, Tf, &c. w/zu in Jritb^ 
tnet'uk Prefftjfimi Whence it f3lIot«, that the %, tf r-= cbs 
gum of an the Circles Ftnrifber'ie$ between Taiid r. 

And® e rj= the Sum of aU the Circle's ferifbiriis betiwcca 

Confequendy, that the ® -^ T=^ the Sum of all the Circle"? 
Perifhtries included bettreen T and C j that is, ^AT=z the 
§uferficies of the Semi-ffbere. - 

Aridbec^jifc D^(7+ O TC — n^r,and UAC= UTC. 
Therefore mAT'=:2 "^ ACxs the Suferficits of the Bemi-ffbere, 
£onfequeniIyt ^^ AC will be die Superficies of the \yhole 
fpbere. Q. E. D. 

Example. Suppofe the Axis TS—D~ i6. Thenl^D ia:* 2^6:- 
And 1 : 0,7854 : : 256 : 201,0624 = :v A C. For i Z) — AC. 
Then 201,0624 x.jf ;=: 834,2496, Ac Superficies of the whole 
fphere. 

Pf, beeaufe 5,1416 is four times 0,7854, thcrofoFe- it will al- 
fvajfs be i : :j,i4l6 : : DD : 3,i4i6DD the Superficies of the 
fphere (as he fore) ; and it is equal to the Curve Superficies of the 
^igh(t Cyjitider^ w}}o(b DpQieter and Height are eacti := D the 
Axis of the Sphere. 

Pot 5,1416!) = the Periphery of the Qylinder*s Bale, and that 
pultiply'd with D its Height, will be 3,1416 O D the Curve Sur 
perfidies of the Ofiinder, by Theorem 12. 

An4 jf to phis there be added the Are^ of its twD Siles, ^or' 
^as) vi:(. 1,5738 D I>, then *tis eyident, that the whole Super^ 
jficies of the Cylinder wiU be to thap . of the Sphere ia the^Propotr 

... ^ 

Scholium. 

I'foiii the Method h^re ufed in proving the la& Theorem, 'twill 
t^e ea5p to fin4 the curve Superficies of any Segment or Part of a. 
sphere" that i^ cut off by a Right-line o? piain, tiz^ fuch as Ac 
Segment a Tm in the laft Scbemey .whofe f«rr^ Superficies is 
o) aT(^sahue). Therefore (becaufe D^^+Ori'.zr d^T) 
}Z will be i5 fj t + ;i; r* s::; the c«^»tf Superficies of chat 5^f- 
j«^«t. , " • , •••--' ^ 

. ;^u{ if the Axis TS, and Height T^, of the Segment are given,' 
phen will it be T5 X r* — D tf T; as in the Itiirf^^abovc. 
yv juch gives ih|s Proporthn or Theqrcm j 



' . .^ apply" d to ^^uperfiicieg and ^OltPg. 42 ^ 

^As tbs Axis of the Sphere : /i to the whole Supcrficie^^ 0/ 
yizQ the Sphere:: So is the Height of any Segment if its 

L Curve Superficies. 
To which if there be added the Area dl the Scgrftcnt's Bafe) 
the Sum will be the Superfid'ts of the whole Segment.- 

T H E or BL E M XVIII. 

Mverj Sphere is equal to two Thirds of its ^ircumfcrihingCjUnderc 
Tbat is, of a Cylinder whofe Height and Diameter of its Bafe' 
dre each equal to the Axis of the Sphere. 

' According to the Work in the laft Theorem it appears, that 
^dhj {^ edj f^ jfj &c. do conftitute the ^ 

Saidity -of the Sphere ; and that Q a Ty ^ ' 

Q ^ r, OyT, &c. are a Series of Terms a>^ 

in Atiibmetick Progrefflon, U AlT beiui; ^ /\^\/ 
the gredieji Term^ and TC the Nurnbif y fy • ' '■ 
cf Terms ; Therefore ^•j AT % ITC j\U^ — - 
r=:the Sum of all the Series, per Lem- \ 
ma 2. \ 

And bccaufe Q a T— UTh^Unh, \. 
neT—UTd-Ued^QyT—UTf— — ^-^ 

Ufd, UAT—U TC=U AC, 9c6. ^ 

wherein Q Tb, Q Td, D tf &c. arc Series o£ Squares whofe 
KootsTbyTdyTfy are in ArithraetickProgreflion," Q TC bein^: 
^tgreateft Term, ztii TC the Number of Terms ; Therefore 
© TC X \ TC '- the Suift of all that Series, f^er Lemmi 5. 

Confequently, (^ AT y^ 4 TC : ^ ,-*• TC ic ^ TC^ the SuW 
cf the Setie^ ah, Q) ed^i^ yf &c. which conftitute tht Solidity 
of th<^ half-Sphere A T^. Put D = 2 T C the Axis of the Sphere ; 
Then !j^D^ ^TC.znd^D— \ TC And becaule d A Tss 2 TCy 
therefore JJ aT^ 2^ TC=i j^^-foSDO. And 1,5708^/) x V ^ 
== o,?p^27DZ)D. 

Agaiii, <i: TC % ] TC = o,yS^^DV \ < Z) =0,1509 ft&D: 
Then 0,3927 DDD — O^ijopDDDrz 0,26i8dDZ) the Solidity of 

the Semi'ffhere A TG. 
Confequently, 0,26i8DDZ) x 2 =0,^23602)0 will be the foli J 

Content of the whole Sphere, which is equal to two Thirds of 

the Cylinder whofe Diameter of its Bafe and Height ~ D. 
For OyjS^VDD -Tthc Solidity of the CyUnder, h^Thorem li, 

tut f ot o,7854i>iDZ) — o,<i236£>£)I>j as before. 
Theretori^, ^. as by Theorem. 

E'xam^ 



4^4 ^^ arfti^iiietfeft (f^nfivM , Pan V. 



Example. Sappok die .i«ii £) ==: i6, then JDDD t=z .^096, and 
I ^ 0^5236 : : 4096 : 2x44^656 the foUd Content oi diab Sfbtre^ 

CatoOaries* 

i. Henoe it appears^ i&at the SoEj Contend of every Sphere is, 
eqoal to its Superficies multiply'd into one lixth Part of its Ajis^ 
For its Siip6rfleiesis ^^x^i6DDy bf TVe^rem 17. 
But 3,1416 X j Z) = o>$236 Z)D2> £be fi)lid Content, as before. 

2. And hence /tis alfo evidfent, that diereis the lik^ M(ath(x 
Habitude betweieh the cuke and its infcnVd Sphere y as is betwixt I 
i^t Square and its infcriFd Circle^ and that is^ ^JtJbr Supeifr l 
des of any Cube : /j to the Superoaes of its In£nrib*d Sphm : : j 
So is the Solid Content of tbnt (Cube : Tb tbe Solid Content of\ 
ibe Sphere. [Sec the Circle's Proportion, fa^e 407.] | 

For if D ss the Side of the Cvbe^ then 6 Z) 2) = its Superfidesy \ 
and Hhh =r its Solidity \ and 3,1416 hp = the Sphere's Super* 
ficies. But 5Z)/>': 3,14x6 DD : ;Z>I>2) : 0,5236 2)©D the Soliditj 
of the Sphere 'j as above. 

Sfboiiumi 

Prom the Pr di^/ of t^ Tbeorem 'twill be cafie to^ deduce or 
raife Theorems for findthg the SolU Content of any Fruftum or 
Se^nt of a Sphere ; as /» Tm in the laft Figure* 

For we there iwpdk tbe Sement a Tm to be conflituted of an 
infinite Series of Cirdes, wlucnbave tbe&me Rafio with all thoip 
Cirdes that cofiftitute tbe S^«yjf»i^^« 

Therefore it follows, that ® tf # x ^TK*— ©^T^ | 7^ will 
be the Sum of all the Circles intercepted between Tand b. Coih 
fequendy 'twill be the Solidity oftlmtSegQieiat*. 

And becaufe D^>+Dr^=n^7': Tbcrcfppe 
9ah^®7:i ^ \Tk:^^Tk% ibz=itht{axoe Solidity. 
lAtczsah half the &^«f;^i Bafe$ b == fP its Hei^; and 
S 5=s tbe Solidity of the Segment or Pruftm ; 
Then © 11 * = 3>i4i^^^ and €; TJS = ^^i^%6bb. 
Confequently, 3>H^^^^^+ ^.1416^^^ ^f-ltl^^ =5 

which being reduced, will become 3^^i& + itft&X 0,5236=5. 
Or i,pcp855) V^h—hhh (—S. For 0,5236) 1,0000 (1,50^55 
ivhich is cue Theorem for finding the frufium s Solidity. 

* . < fc 



;i^ 



,^^Jlm 



' 'T 



i Diadafeter 



Tbte^ HeEc we fuppofe the Height; of thf Segment, and jhe 
iifeter of its Bafe to be given ; - but if thq j^xis of the jSpbcic^; 
and the Height: of the Segment be giveni then putting I> r= chi^' 
Sphere's Axis, ^ = the SegmentV Height, rfndr as before^' 'twill 
b^Z)^. — kyibr=:_ccy viz. Dh^bb^=cc. 
'theKfok i3i DhB—2bbhz=::^ccb-\-hhhf ' \ < j /, 

Confeq. 3 UhbT-2bbk% 0,5236 = S the Fruftums Solidity* 
Or 1 ,90985) :iDblfr^2bhb( ==S. As before. ^ 

VV^h&h is a fecond Tbeorem for finding the famfe Fruftunia 2"*'. 

And if it be required to find the middle Part a m NK^ ufuaMjf 
call'd the middle Zone of a Sphere, iheri 
becaufe 'tis fuppofed that a m NK^ or 
tyhfch is all one,'that J Cr=CB, there- 
fore it is plain, that if twice the Scgpeni; 
a Tm b^ lakcn from the Solidity ot the 
ivkole^.Sph^re"| there will remain die mid« 

^tTLQnenmNK* ' ^ -^ • 

But becaufc that Work is a Tittle tpu- 
blefome, I flial} here ihe\; hbw to raue a^ 
TjMpt^Ui fpr the doing it, . r^ -^ ^\ 

FiVft, B&aufe A Q-jC- eC^aC^fC. Thcfrto^ ifer 

win ^e D^P ^ D cr=ayf* a ^P~ a G4^^f4^ 

QAC^ QCh^Uf^P, Sec. . ^ hS 

Here becaufc a AC . QA C .m AQy pec. bx^ % 5er;c| pf^. 

iital^y andrirthP'NuiBberpf ^l^cT^iW/^ ^tftfpi^g'AP^W 

— I*? Sm Pf aB J^f Series, by jLema i, . . . , , 

And D C? , Ol7^ . □ <? A. «:?, l^mk'^^ Serw? pf §9M?tc^ MTfeo^g,. 




Then w 4 C = 0,7854^^ • <^*> /« * = 0'^78u. Jf *• AjJiJ #.. 
»^(ir tUm' the common F^oi: p,??^^ iow ?)?« P»'?wf ^'-^^Mi 
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and then take fr/p/^ of thatDivifor, viz. 3,8^97 (^^ hefore in 
thcf frufltims of Pyramids) the Refult of the precedent Work 
will produce this following Thcorata. 

THE OR. XIX. J!«^+^* 



„ fthe middle Zone 
^ ^ = 1 amNIL 



THEOREM XX. 

Spheres are in Proportion one to another as the Cubes of their 
Diameters. (18^.^.12.^ 

Demcnffratioii. 

S'jppofe D = the Diameter or ^j^/V of any Sphere^ and ^r= the 
Diameter of another Sphere^ either greater or UJpr. 

Then is 0,5236 Z) Z) D - the Solidify of one S/»i&^ri?, and 
0,<)2:i6ddd - the Solidify of the other S/^A^r/?, by Theorem 18 5 
but Z)/)!) : dddi : 0,5236 DDZ) : 0,5236^^^. Q. £• D. 

_ T H E 0*R E M XXL 

rfo foUd Content of every Spheroid is equal to two Thirds of its 
ciramfcrihing Cylinder. 

Suppofc the Figure NTn S N, in the annex d Scheme, to re: 
prefenc a Spheroid, form d by the Rotation of the SemuEllifRs 
TNS, about its Tranfverfe Axis TS, (as iy Definition 15.) 

Let D = T5, the Length of the Spheroid, and the ^/Vof its 
nircumfcriling Sphere ; and d^Nn^ the Diameter of the greatefi 
CirclQoi the Spheroid. 

Then becaule Q FC : Q iVc : : OA^ : Q^, ^F Step 5 in Tib^dr. 7, 
Tferefore it will be DD :dd:^. Q^J: D^*- : 0^ * ; 6/ ^ *, &c 

But jthe Sum of an Infinite Series of 
foch Circles as ® 4 *, fwAo/^ Diameters 
i?^^ Chords) do conftitute the Solidity of 
the Sphere] (as hefore at Theorem 18) 
and the Sum of an infinite Series of fuch 
Circles as (• a h (viz whofe Diameters 
are Ordinate s of the ElHpfis) do confti- 
fiire the Solidity of the Spheroid^ by De- 
finition 15. , - • 

/?^tfJDD,V/::o,5236DZ)Dro,5236</i/D 
» %^ Solidity of the Spheroid^ by Lemma 6^ 

But 




applfd to ^Uperficieg and ^OltPiS. 4^7 

But 0,5256^^0 = J of the Cylinder v^hofe Diameter is =r d^ 
and Height = Z), by Theorem i i. Q. E. D* 

Now from this Frofortion between the Sphere and its infcriVi 
Spheroid y 'twill be very eafie to deduce Theorems for finding the 
Solid Content eidier of the Segment or Af/i^/^ Zo»^ of any Sphe^ 
Toid^ having the feme Heigljt with that of the Sphere. 

eAs the Solidity of the whole Sphere : Is to the Solidify of 
For J the whole Spheroid : : So is any Part of the Sphere : To 
X the like Part df the Spheroid^ by Converftf to Lenma 6. 

As for inftance; Suppofe it were reqair'd to &ni the Mi Jdl^ 
Zone of any Spheroid : 

Let D^TSy and d — Na^ as above j and flf = ^' JB . ^ =?:-«4^, 
as in Theorem 19 , and IctC'i^a m. 

Then ^?i^ x H = the ilif/V^/^ Zo»^ of the Sphere. Atid 

.™^^ ^^^n 2VD±xx^„^2dd)(^H xxddjji 

s=: the Middle Zone of the Spheroid. . ^ 

Again, VJ): dd :: xxicc. Therefore ^^^ ^^rr, 

Confequcndy, f!^ x 3^ = p^ X H, Which bcing* 

taken_inHcad of ^^g^pypQ - «bere will arife this following "^ 

THEOREM XXn.-[-p^;XH=^oftheS^*^rw</ 

being the very fame with Theorem ipj 

Note, la tbefaine maatter jou may raife Theorems /or findhg 
Jhe Segment of a Spheroid," tut of either of its EnAi^ .&?. 

THEOREM XXin. 

The Area of every Parabola is Equal to Too Third f of itf 
C/r<:«»!/friWa;g Parallelogram. . 

Let th« Figure S A^ reprefent half \P'»-'^'^ i ">'*';?.? 

parallel to thf Axis SA, and S,d paralld to the &«i^ri/- 

mte ^ j8. Aod fappofe 5*^ to be divided mto sw wtf«»;* 

- J i i « Sw-'^* 



-4i» - 'fat atit^ctteft &/f Tifitiiteis Part^. 

< ■ ' ■ ■ ' ■ 

&ri^i of Equidfftanf Point Sj as/,^, If, &c. and from rfiofe Foiats 
iinirine a Series of Parallel Linesy viz. /», ^»^ bp, &c. tb 
toudh the Curve of the Fand^play and meet ibe Sem-crdimaies 



ma 



'tlt^Xiy accordi/ig to the Vroferij dt cbe Parabola^ it wiS 



^at 



1 SAiXy^BiiSaiQ am 

2 SA: OAB::Se : n^» 

XSa'=zfm.Se:=rgn.Sy'±bf.SA^dB 
' Therefore akernacely it will be 
4 nA BidBii nyp'bp 

6\qaB: dB :: n ^fn :/ito, &c 



SJ^Shd 




3i 

* •' ' 

In tficfc Proportions D ^ w, Q ^ «» D JP f j &^f sur^ * Sff'W 
kX Squares whofe i^oofj S/, S^, Sib, &c. are in Aritbineiick 
i'^ogreffiofi^ beginnwig at the Point 5. And becaufe the Litidi 
^PfS^^f^f *^* h^^^ ^^^ ^'"^ l<^f/o, therefore they are as 
luch a Series of Squares j whejrein rf 5 is tjic Qreatefi Terwy and . 
S'd die Number of Terms. 

p)nftqucnt]y 1^ ■ / =i the ifew of all thofe Lines, by Lemm^ %• 

%}jXSA%AB^dB%sd. Therefor^ £^^-:^ = tbe Saw 

of all that Series of Lines ; but all thofe Lines do conftitute the 
Area of thfc ^f /«i Pnrah6lds Complement] viz. the -4r^<| of wh^ 
l(alf the Farahola wants of coin|)lcating or fillmg up the FaraJler 
Jk^ram SdAB, / 

\Vh«reforc ^Jifx^a : — f S^><;4«=^-^^^ wiU be the 

y^r^tf of half the Farahla SAB. 
Conftquentiy, iS^X^B will' be the wfr^tf of the 
Pafdtola'tSB. Q.E.a ^ 



whok 



Example^ Suppofcthe Baff^ ox g^eateft (htdinate^ of z Para- 
tola to be ^ B = 249 and its intercepted Diameter (or Axis) be 
SA^^^l Then 2S><x'*5=66>(24= J584.and3)r584. 
(528 the Area of H^iPdrahola. * • • 

THEOREM XXIV. -p^ 



Everf PardhoUck Conoid is equal to one Half of its Circunfm'- 
^' • * • • ' * hiffp C'^Iinder. • - ' • 



bing Cylinder. 



)l>emott<b:at{cp. 

If any Sem^P^ahta (as BSA)h^ tjim^d «r mav*d about its 
UiSj (SA) 'tw'^fotpk^ Solid Payai0UckCi^oid, conflitutcd^ 
ID infinite Serief (f Circles, vh. ®*^, o/^j ^Sy^ ^^ 

Ttow, ^ccCMtding to the Property of every Parabola^' it wjll ^ 

*rhm<Se%L:^afe 

Merc SiiXi> ^^ %L,Sy% £, &c. are 
I 5^^^ of Krwx in Ar^thmetick Progreffion ; 
rhttcforc a^^, a/^, Ugy, Scc. ^rc 
ACS a SmVi of Terms in the lame Progref- 
fiov, beginning at the Point S, wherein D AB 
19 Ije fffeateft Term, ?md J ^ the Number ot 
^UieJJrm. Therefore a wiBxi'^^ = theS«« of all the 

l^^iesy hy Lemma 2. r n i.l o . i- 

Confequently, © ^ B X 1 S >4 == the S«;» of all thfc Sertes of 
<* * ^> t /^j ®iJ J> *^* ^^^^ ^° ^onftimte the So/iV/fj of the 
Conoid* 

And putting h^^2 AUy ^v)AH -rS j^ 

Then 0,7854 2) fi X i H =: 0,3927 /) Z) H wUl be the So7/i 
Content a the Conoid^, which is juft half the cyi^y^^r whofe 
A9/» =: Z) and Heigbt^B. [See Theorem 11.] Q. E. D. 

This being underflood, 'twill be eafy to raife a Theorem for 
findiiik the lower Fruftum of any ParahoJifk Conoid. 
■ For; foppofing A = /I -4 the H^/>i^f of the ^tujlum^ ^dif-Sa 
thcH^iigifofthif Partes* cut off 5 Then& + ^ = S^, the 
Height of the whole Conoid. 
Corfeqqffldy, '^^«?<^+- "t^^^^ = the S»«^/j of the whole 

And 




But 
3 



iiilsstheSo/r^CfyofthePart aitoE 



&• 



ii 



the Solidity of the Truftum. 



Br: 



4—© 



43 o Tm artc^metttft of jafintteg Part y, 

6 — 5 7J© w«« Xi!» = 2F:^0*<*X* 
7+®** X h^ 8| «- -< « ^- A :+ {. kay(.k=2F^^ 

8 -r ^ p| '^^t^-^* : XA =Fthe Fr»/?a«VSoU<fitj, 

LctDr=^a, as before; and^s=2J^, the Diameter of the 
Tart cat oS I Then we ili4 have this following 

T M F nil F M XXV J 0,3927/)Z)+o,3927^^ : X * = the 
THEORl:.M ^iXV.^ Solidity of the Fr»y?«« requirU 

Or "{y^^ ^ * ™ the Fr2^yf»«y ; for ,3927) ipoco (=2,54^4 
And becaufc 2,5464 + ^' '^ ■ — = 3,8196 5 Therefore it maf 
be made 3,8196) DD -{- ^-^ : x S -6 (= the fame Frujlumy Sec 

Note, Ti&^ 1^.^/7/0^? why Have reduced tkis Theorem to have 
the fapiif Divifor 'vctth tbefe at the Fruflums of Pyra^ 
miJSy 8cc. will heft appear farther on, viz. wb^n they. 
all come to he apply d to PraSlice in Gauging^ 

THEOREM XXVL 

W^ety Paraholick Spindle (or Pyramidoid) is Egpial to Ei^bt 
Fifteenths of its drcumfcrihiMg Cylinder* 

IBDemonffcatton. 

If any Acute TaraioUi as i S B, be tu^cn d or mov'd about itf 
greatcft Ordinate h ABy it will f toi a Solid call'd a Paratolick 
Spindle^ conftituted of 2ituin finite ferits of (s^ pia^ & « ^^ ® /> ' 
&c. by Definition 18. 

^ Let us fuppofe the Line S d parallel to ^ B, 8cc, (as at Tbeo^ 
Ytm 23) then it liath akestdy been prov'd, that the Lines /«, 
gn^ hp'i &c. zxez Series of Squares whofe Roots are in Arith^ 
metick Progreffion: Coofequently thfir Square Sj viz. D/ai, 
P ^ «, n bpj &c. ^ill be a Series 

of BiquadratSj whofe Roots will be >y J g h d 

in Arithmetick ProgreJ^on : Mhich 
beiiig premised, we may proceed thus. 

Firft,-? \2\sA^gnz^ne 




apply\i to ^apetftCiCg; and ^OltOjSv 4 J*! 






?.©^ 2 5 

^ 2)6 

!• In thefe Equations the 05^,0^^,0^^ being ^Sefi^s 
^Eq^lSj and -4 B the Number of all the 7>r»25 ; therefore ic 
rtllbe as-<4 X -4i?^=:the S««!i of the Serlts^ by Z^^^iaw^ i. 

2. Becaufe/jw, j; «, hf^ &c are as a Series of Squares wheffrj 
n 5^ is the greateft Tirm. and ^ B the Numhar of all the Krww $ 

Kcrcfore ?Hifi!jL^ ==:201l2l£f will be the ^«« of 

3 ? 

II tba€ Uriesy by Ltfi»x»4 3. 

3. And thtUfm.Ugn.nhfy «:c. wUl Be a JmVi of 
^r»»j in the t^aiio of Biquadrates^ as above, 0^5= Q 5-4 
jeing the greaUji Term^ and -4 jB the Number of all the T^irms ; 

terefore it wiH be DW^-? = the 5»b of att the Series, by 
Lemma 5. 

kVheiiceit follows, that dS^ x ^B- 2SH^^+ °!il2La 
= the Sb« of all the Series of Q m a, Q » e^ Q fj, 8k, 

That is, 8SM2i^= the S«wof dl the firr/V* of Q w 4, 
n»e.abp.XlJB .See. 
Confcquently,5iS±l±^ =a the »» of ^ the awf « d' 

Omd.®«^. €'/>>•&£' which do conHitote the SoUdhy of M^ 
die Sf'tttdk^ vTOn. oi SAB. 

Therefoie puttii^ D = 2 S ^, and H=s zAb, (viz. ^^ ») 
it will be 04i888Pi7H = the Solidity of the whde ParahoJirt 
Sfhtdle iSBy being | o£ o,7854Z)D£^ the Soltditj of its, Cir» 
tumfcribiKg Cylinder. Q.E.D. 

From hence we nay sdfo taife a Theorem for finding ihe Fw* 
^«BS^f y of the laft Figure. ^, „^ 

For eSA being the greateft Term, © fy the leaft Tenn, ms 
J J the Numher of all the Terms or Cities included betwmi 4 
andjr, 

c aSA -^li|i£+n|:£:X4y .;. tj»efr«.^ 

•2of all the Series p SA^ Qma, Ugn,Q fy. 



Therefore 
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But 
3 — 4 
5 + &C 



5 



2USA + □» -In *> =^- 



Confeq. 7 ,2 5 -4 -f O ?> — * © ^/> J X J if > = :(, th 
Si^ikT oT an uie Series of % Sa .®ma , f^ne ^ Q fj^ wbtc 
do conflitutc the Solidity of the FruftumSAfy. Therefoi 
putting D =: 2S-4 (as before) C = 2fy^K^:i 2b fy audflf— 4 
it will be i,57p8/)/)+o,7854 CC_o,3X4i6x« ; X j H = ^ 
FruftumSAfy* And if we make t = 2 fl> 

Then i,S7o8 DD + 0,7*54 C'C— o,9i4i6;^x : x J Z^ . 
Double of .that Fn(/7a/i», b^ing the middle Zine. AndBvtni 
ing tbefe FaSlcrs into one common Divifor, as iii the ^rufium 
the Conoii at Tbemmiy^ Fa^e 43b, thitc i*iH'arifir dfis f<*' 
ing Theorem. 

i fj E 6 R E M xxvn. 

t5^i96) 2Z)Z) + CC— o,4«*: y L (^rr 
£ the m/i///^ Z^one of a FarmUci SfindU^ 

It may be haee expeded that 1 fliould now proceed ,to £ew bow 
the Area of any HyfefMa^ and die Coafents Of liidi ^;u^ ai 
may be form'd by tHe S^aionoS that Figtere zboat its jtxiSf &c 
may be found ^ but becauie thofe Things caonoc be exa^ per* 
form'd^by any certain or fettled TbeoremSy as tbe£ of ibt Cirrle^' 
EllifJiSf and Parabola Have btei, I have therefore omittdi then, 
and refer the Reader io\>t.Wd&ii%Al^1fra^ Cbs^lpOf S6c, Or (o. 
^ PbilofofK Ti^anfaB. Numb. 34, wbereiti m idqr fiod the 
Method oi foraui^ Infimte Seriei rdatii^ to t)^ fiBpaaag of 9ct 
HyferhoUy &c which are tootedicnsto h^. fuBy exflaimd 9oi 
demonArated in diis finaU TnJEl^ it beiiu; only inceod^'as aa In^ 
troduJ^ii^j the which I ihall here cooduae* 
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O F 

Pradieal Gauging. 

H E Art of Gauging is that Branch of the Mathetnaticks 
caird Stereometry^ ot the Meafuring of Solids^ becaufethp 
Capacities or Contents of all Sorts ot Veffeh ufed for Li^ 
f 2M>rir» &c. are computed as tho' tliey were tesiUyJblid Bodies $ 
which any one that hath made himfelf Matter ot the 'foregoing 
Parts of this Treatife may eafilyti{iderftand» without any &rther 
piredions. 

However, becaufe 'tis not to be fupposM that every one who 
defiens to undertake the Office or Imfloymem of a Gauger^ hath 
made fo great a Progrefs in Mathematical Learnings I have there- 
fore prelented the young Gauger with this Appendix^ wherein I 
nave only inferted fuch iLples as are ufeful in Gauging^ and have 
been already demonftrated in this Treatife. But herein, I pre- 
fuppofe that he hath acquired (or if not^ 'tis very neoe/piry he 
fifonld acquire) a competent Knowledge both in Arithmetick and 
Geometry: That is, 

I. In Arithmetick he /hould underfland the principal Rules very 
well, efpecially Multiplicatiofi and 2)ivi/tony both in whole Num-^ 
ters and SDecimal^farts^ (which may he eafily learnt out of the 
%d^ 5^, and jth Chapters of ^ art i.) that fo he may be ready at 
computing the Contents of any Veflel, and cafling up his Gauges 
by the Ven only, viz, \vithout the Help of thofe Lines pf Num- 
bers upon Sliding Rules^ fo much applauded, and but too much 
praftis'd, which at beft do but help to Gnefs at the Truth ; I mean 
iiich Docket-Rales as are but nine Inches (or a Foot) long, whofo 
Radius of the Double Line of Numbers is not fix Inches $ and 
therefore the Graduations or Divifions of thofe Lines are fo very 
clofe, that they cannot be well diftinguifh*d. Tistrue, whentho 
Rules are made Two or Three Foot long, (J had one of fix Foot) 
there they may be of fome Ufe, efpecially in fm^U Numbers ! al^ 
tho' even then the Operations may be much better (and almoft a^ 
foon) done by the Ven: For Indeed, the chief Ufe of Sliding- 
Rules is only in taking of DimenfionSy and for that purpofe they 
are very convenient. 

K k k II. Iti 



IL Li Geometry tbe Ganger fhould underfland not only how t» 
take tDimenfianSf (which is beft learnt hy *PraSice^ but aUb bow 
to divide any irregatar Figure or Superficiet, at Srevers Sacks or 
Coolers f &c. into tbe eafieft and fewefl regular Figures they will 
mdmit of, that fo their AretCs may be truly computed with the 
leafl Trouble. And this may be leam*d {noith a little Care and 
S)iligenee) out ofthe ift, 2d, and 5th Chapters of Part III, which 
the Ganger fliould be wellacquainted with. Alfb he ought to have 
fo much Skill in Solid'f as to be able, even at fight, (tut this ntufi 
he acquired ly Experience) to determine what Sort of Figure any 
Yeflel is of, (viz. any Tun, or clofe Cask) or what Figures it may 
be beft reduced to, io that its Dimenfions may be truly taken, 
and the Content thereof computed with the leafi Error. I (ay, 
^th the leaft Error^ becaufe 'tis very difficult, if not impoflible, 
to do it eza£Uy £ for there is not any Tun, or Caft, &c. fb regularly 
snade, as by the Rules of Art *tis required to be. 

III. Befiaestheaforemention'd, tYi^youngGauger mxx^Vnoir^ 
that all ^imenfions ufeful in Gauging are to be taken in Inches^ 
and Decimal-parts of an Inch ; and if they are taken in any other 
Meafures, as Feet, Yards, ^c. thofe Meafures muft be reduced m 
Inches, (feeSt^. 4. pas. 42.) becaufe the Contents of all Sorts o{ 
Veflels (taken notice 0/ in Gaming) are computed bv the Stan- 
dard Gallon of its Kind, whole Content is known to oe a certain 
ITumber of Cuhick Inches : That is, the Seer or Jle Gallon con- 
tains 281, the Wine 231, and the Corn Gallon 268,8 Cubick In- 
ches. [See the five I'ables^ &c. inVages 54, 55, 56, which I here 
; fupfofe the Gauger to have learnt ferfeflly^ hy heart. '\ Confe- 

Suently, if either the Superficial or Solid Content of any VefleJ, as 
lack^ Tun^ Cask^ &c. be once computed in Cubick Inches, 'twill 
be eafie to know how many Gallons, either of Jlle^ Wine^ or 
Com^ that Veflel will hold. 

NotCy I have herefaid, the Superficial Content in Cubick Inches, 
which may feem to be very improper, according to the Difinition 
given of a Superficies in Page 279 5 but you muft know, that in 
tne Bufinefs of Gauging, all Superficies or Arec^s are always un- 
derftood to be one Inch deep^ otherwlfe it could not be faid (as 
in the Gangers Language it is) that the Area of fuch a Back, or 
of fuch a Circle, ^c. is ib many Gallons. 

Thefe Things being very well underftood, t\it young Gauger will 
be fitly prepar*d to underftand the following Troblems^ which are 
fuch as have (rnoft of them) been already proposM in the 'foregoing 
Parts of this Trcatife, Md only are here apply^d to TraBice ^ and 
therefore I (hall, for Brevity's fake, often refer to thofe ^theorems 
and Problems. Scft. 
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Se£t. I. To find the Area of any right-lined Superficies in Gallons. 
PROBLEM!. 

^ofindthektt2i0fanyfquareTuxi^ Back, or Cooler^ ^c. either 
in Ale, Wine, or Corn Gallons. 

r Multiply the givenlMigth or Breadth (being here edual) 
tttf 1^ 3 ^»^^ iffiff^ ^»^ fhe VroduSi will he the Area in Inches ; 
<****^* "^/Z^^ i//w/fe /*^r Area hy 282, or 231, dr 2d8,8 a»i 

v//&^ Quotient 'mill he the Ate^ required. 



Example. Suppofe the Side of a fquare Tan, Back, or Cooler 
be 124,5 Inches, what will its ^r^a be in Gallons? 

Pirft 124,5 X 124,5=15500,25 the Area in Inches. 
Then 282^15500,25 ( 54,9^, g^<7, the jlrea in jile Gallons. 
And a J i) 1 5 500,2 5 ( 7^»io> 55^^' ^^© -^^^ in '^^^ Gallons^ 
Or 2d8,8) 15500,25 ( 5T^66f^c. the ^r^din Corfi Gallons.'' 

But if any one would rather work by Multiplication than by 2)/^ 
vifiony he may turn or change any !DiviJbr into a Multiplicaior^ if 
he ^m^ Unity, or 1, by that 2)ivifor. (Vide ^roW. 3, pag. 402.) 

Thus 282) 1,000000 (0,005 54^ the Multiplicator for ^/^G^//o«J. 
And 231) 1,000000 (0,004529 the Multiplicator for^ Gallons, 
Or 258,8) 1,000000 (0,003722 the Multiplicator for C. Gallons^ 

Confequently 15500,25 x 0,003545= 54,p5, ^c. the^r^^ifi 
^le Gallons ^ as before. And £0 on for the reft. 

P R O B L E M II. 

^ofind the Area of any Tun, Back, or Cooler in the Form of 
a Right-angled ParaHelogram, in Ale Gallons^ &c 

Seethe Rule for finding its Area ih Inches^ at ^rohl. i^p. 339^ 
thtntixhct divide (or multiply) then Area^ as above, and you will 
have the Area in Gallons. 

Example. Suppofe the ZeurgfJ^ of a Brewer's Tun, Back, or 
Cooler be 217,5 Inches, and its Breadth 85,5 Inches, what wiU 
Its Area be in Ale or Beer Gallons, ^c ? 

Pirft 217,5x85,5=18548. Then 282) 18548 (66,ii,^c. 
Or 18548 X 0,003 54^= 66a%JiSc. the Area required, ^c. 

Kkl^2 PRO- 
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PROBLEM III. 

ftofinJ the Area tfany Triangular Tun, Back, or Cooler, 
in Ale Gallons^ &c. 

See the Rule for finding itt jA^ea in Inches at Vroh. },/. 340^ 
then /^/viiil^ (or multiply) that u^^a as before, and yoa wUlhaTe 
the Jrea required. 

Example. If the Leqgtb of a Baie of a Triangalar Cooler 
be 8^,4 inches, and iu perpendicular Breadth be 5 7 Inches, what 
will its Area be in Ale Gallons? 

Pirfi, 8tf,4X V =14^2,4. Then iSx) 24^^14 (8,73,(^r« 
Or i^6i^\ X 0,003 54i^= 8,7 3,C^r. the Area in Ale Gallons. 

Proceeding thus, you may eafily find the Area of any Tun, Bad, 
or Cooler, whether it be in the Form ofa Rhwnhus^ RbamhoideSf 
Trapezium^ orofanyotherlp0(y2Oiii, either regular or irregular, 
in Ale or Beer Gallons, ^e. if you firft divide it into Triangles^ 
and then find the Area^s of thoie Triangles ^ {as in the 2^, Afh^ 
jtht and 6th Problems in Chap. 5, Part III.) the Sum of tbofe 
Area^s being divided (or multiply*d) by its proper Di vifbr (or Mai- 
tiplicator) a» above, will give the Area required. 

Now, the PraAical Way of dividing any Telyganaus Tun, 
Back, &0» into Triangles^ is bv help ofa chalked Line, fuch as the 
Carpenters ufe, and may be thus performed. 

Suppofe any Brewer's Tun, Back, or Cooler, in the Form of the 
•ones*d Figure AS CSD FG. Let one End of the Chalk'd Line 
be faften'd with a Nail (or otherwife) in any Corner or Angle 
of the Back, as at A^ then ftraining _ ^ 

it to the Angle at C, ftrike the Dia- B, .. ^ 

Sinal Line AC upon the Bottom of >/>•'*** ^\ 
e Back; and ftraining it again to a/:::::'S,. UD 

the Angle 2>, ftrike another Diagonal \^^. ^'J^^ 

Line, as Ai)% and fo on for the Dia. G^^^^-^-ix^ 

gonal Line G2), &c. Then having ^ 

mark'd out all the Diagonals, the Perpendiculars may be thus 
found : Faften ^as before) one End of the chalkM Line in the 
Angle », and then by moving it /a and fro upon the ftretch^ 
find out the neareft Diftance between the Angle at ff and the 
Diagonal Line ^C. and there flrike a Line, and it will mark out 
the Perpendicular from » to the Line ACy and fo on for the 
other Perpendiculars: Which being all mark'd out upon the Bot- 
torn of the Back, meafure them and each Diagonal by a Line of 

Inches^ 
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Inches^ &c, and then the Area of that Back may be computed 3 as 
dire£led above. 

And her e^ b^^ the Way ^ it may he ohferv'd^ that the Nutnher of 
triangles mil al*wavs he lefs by two^ and the Number of the 
7)iagonals lefs by Tibree^ than the Number of the Sides of any 
Ri^t'lin'd Figure that is fo divided. 

Having found (^5 above^ the true Area of any Bfewer's Back or 
Cooler, {which, according to the Laws ofExcife, ought altxays 
to hefix^d or immovable) the next thing will be to find out the 
tn^e fDiPfing or Gauging ^lace in that Back, that fo the true 
^antity of Worts may be computed (or caft up) at any 2)efth f 
w^ich may be thus done. 

1. When the bottom of the Back is cover'd all over ((?/ any 
IDepth) either with Worts or Rquor, (viz. Water) then dip it 
in Eight or Ten feveral places {more or lefs according to the 
Largends of the Back) as remote and equally diftant one from 
another as you well can, noting down the Wet Inches and 2)eci^ 
mal ^arts of every Dip. 

2. Divide the Sum of all thofe ^ips or Wet Inches by the Num- 
ber of Places you dipp'd in, and the Quotient will be the Mean 
Wetoi^W thofe Dips. 

5. Laftly, find out fuch a Place by the Side of the Back {if you 
tan) that juft wets the fame with that mean 2)ip, and make a 
Notch or Mark there, for the true and conftant 2)ipping place of 
that Back. Then if any Quantity of Worts {fjohich do cover the 
whole Sack) be dipp'd or gauged at that place, and the wet Inches 
fo taken be multiply'd into the Area of the Back in Gallons j the 
q>roduh will Ihew what ^antity (viz. ho-j) many Gallons) of 
Worts are in that Back at that time, provided the Sides of tho 
Back do ftand at Right-angles with its Bottom. 

Seft. a. I'ofind the Area of any Circular and Elliptical 
Superficies in Gallons. 

t. I have demonftrated in Cap. 6, "Part III, and Theorem 3, 
5, 6. Vart V, that the Periphery of the Circle whofe Diameter 
is Unity, or i, is 3,1415^265,5?^. dor for common t(fe s,i4iO 
and that its ^4r^^ is 0^78 5 3 98 1 d,e?^. (or o,7854/^r<r.; 

2. Alfo, that the Peripheries of all Grcles are in Proportion 
one to another as their 'Diameters are 5 and their Areas are ia 
Proportion to the Squares of the Diameters. That is. 

As I ; 3,J4i<^ : : the Diameter of any Circle : to Us "Periphery. 
And I ; 0,7854 : ; theSquare of the Diameter; to the Aire(^. 

Upon 
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^_^^^_^_ - ■ — I — — ^— ^— ^^^— 

Upon thefe Two Proportions depend the Solution of all tha 
Common or Tragical ^eftions aboat a Circle. ISee Pag* 408,409.3 

P R OB L E M IV. 

ST^e Diameter of any Circle being given in Inches^ To find 
the Periphery* 

^ - rMnltifly the given TAsLtnGter with ;ii4i5» andtbePm- 
vJXxZ XduSt will te the Periphery requir^d.^See 'Prob. i^p. 408 J 

Example^ Supnofe the Diameter of a Circle be $4,5 Inches, 
and it were requir d to find its Periphery. 

Then 54,5 x 3,141^= 171,12, gftr. Inches is the Periphery 
tequir'd. 

The Converfe of this is eafic, viz. by having the Periphery 
giyen, to find the Tiiameter* [See Prob. 3, page 408.] 

PROBLEM V. 

T^e Diameter of any Circle being given^ (in Inches) to find 
its Area in Gallons* 

r Multiply the Square of the proposed Diameter into 
Iftttl^ ^ o>78 54f and the ProduEt will be the Area in Inches 5 
'^ i [fee ProbL 2, p. 408.] T'bat Area being divided by 282, 

'or 231, &c. the ^lotient will be the Atta, required. 

Example. Suppofe the given fDiameter be 54, 5 Inches as above* 
Pirft 54,5 X 54,5 = 297o>a5. And 2970,2$ x 0,7854 = 2332,85 
the Area in Inches : 

Then 282) 2332,83 ( 8,2724 the Area in Ale or Seer Gallons. 
And 231) 2332,83 (10,0988 the ^r^tf in H^»^ Gallons. 
Or 2d8,8) 2332,85 ( 8,(^788 the ^r^a in C(?r» Gallons. 

But thefe Area^s in Gallons may be much eafier foand, without 
knowing the Circle's Area in Inches, as above, by having the 

auare of the 2)/^»2f/^r of that Circle whofe Area is one Gallon ^ 
lich may be thus found, by Theorem 6^ page 407. 

0,785398 : I : : 282 : 359,05 the Square of the fDiameter of 
the Circle whofe Area is 282 cubick Inches^ viz. one Ale GaUon. 

And from this Proportion will arife the following iDivifors^ 

Viz. 0,785398) 282,000000 C3 59>65 will be a fDivifor for A.G. 
And o,78f 398) 231,000000 (294,12 will be a tDivifor (or JV-G. 
Ot 017853983 2^8|8ooooo (342,24 will be a 2)ivifor for C. G. 

If 
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If the SQuare of the 2)iameter of any Circle be divickd by any 
one of thete conftant or fixed tDwiJors^ the ^otient will fhew that 
Circle's Area in their refpeftive Gallons . A« for Inflance, in the 
lafl Circle, whofe Square of its Diameter is 2970,25. 
Then 359,05) 2970,25 C 8,2725 the ^r(?a in ^.J^ 
And 294>i2) 2970,25 (10,0988 the Area in W. G. >As before* 
Or 342,24) 2970,25 ( 8,6788 the Area in C. G.J 

Now thefe ^ivifors may be turned into Multiplicators by divi- 
ding Unity or i, as in^^^^ 43 5 5 Or rather by dividing the Area 
in Inches of that Circle whofe Diameter is i. 

That is, 0,785398 by 282. Or by 231, iSc. 
Thus 282) 0,785398 ("0,002785 the Multiflicator for Ale Gal. 
And 231) 0,785398 (0,003399 the Multiplicator for WineGat. 
Or 268,8) 0,785598 fo,oo29aa the Multiplicator for ComGaL ^ 

Thefe Multiplicators are the refpcfti ve Area^s of a Circle whofe 
Diameter is i j and therefore, if the Square of the Diameter of 
anv Circle be multiply d with any of thefe Numhers. the Produft 
will be that Circle's Area in Gallons of the fame;Name: 
ri'a. 2970,25 xo,co2785 = 8,2725 the Area in ^. G. as above 
And 2970,25 X 0,003399= 10,0988 the ^rea in W. Gal. &c. 

Thus you fee, that if the Diameter of any Circle be given in 
Inches, there are Three feveral Ways of finding it% ^^rea in Gal- 
Ions, and all equally true j but that which is perform d by the coa- 
flant Divifors is moft generally praais'd. 

P R O B L E M VI. 

^be Tranrverfe for longeft Diameter) and the Conjugate (ptO^t. 
teft Diameter) of any Elliptical Superficies beinggtv$n. To find 
its Area in Gallons. 

r Multiply the Tnvo Diameters (viz. the Length and 

\Breadlth) together, and divide their TroduS hy 5 59»os 

«til^' <for Ale Gallons, or 294, 12 /or Wine Gallons, ^c.the 

/Quotient will he the Area required. [See Theorem 7, 

^Tage /^ii.'\ 

Example. Suppofe the longeft Diameter ^$.}>^ 75, 5 J^^^^^ 

and the ftiorteft Diameter to be 5 1, <^ Inches ^ What will the Area 

be in ^te Gallons? 

Tirft 73* 5 X 51. <^= 379*. ^. ^hcn 559,05) 379*. J ( ^o, 5 J 
the Area in Ale Gallons. Or 294i lO 379»» <^ (">8i> *« ^^ff 
in ff7»^ Gallons, i$c. ^^^^^ 
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Note^ The two laft Problems are of great Ufe in gauging <£ 
Worn amongft Country Viftuailers, who generally brew but Ihort 
licngths of Ale, (perhaps hetv)een 20 and 60 Gallons at a Srew^ 
ing) and cool their Worta in feveral fmall open VefTels or Tttbbi, 
whofe Bafes or Bottoms are either a Circle^ or an Elliffis^ baWog 
tlieir Sides but low, and are moSt commonly 'voider at the Top 
than at the Bottom. 

Kow a praftical Way of computing the Quantity of Wotti 
that are at any time in one of thofe open 2uHs^ is briefly thmi 
When the Tutlf is dry^ find the true ^ea ofits Sonom according 
to its Figure, (as above) and either mark that Jrea on the Out- 
£de of the Tuik^ (foobich was the way I generally usd to order, 
teeaufe the Viftuallers did often lend their Cooling iuhhs one t$ 
another) or clfe number the ^ubb^ and enter its Jrea (and in 
Number) into the Stock-book ; then, when any of thofe Tubbs 
Bath Worts in it, take the Diameter of the Surface or Top of the 
Worts, and find that Jlrea^ adding it and the Sottom Area toge. 
ther. If either the Z'^-J/zw of thofe two ^r^aVbemultiplyM with, 
the Depth of the Worts, (taken as near the Middle of the Ttibb 
as you well can) or, if the Sum of thofe two area's be multiply 'd 
with half the Depth (fo taken) the Produa will fhew the ^uan^ 
tity of thofe Worts very near the Truth. 

PROBLEM VII. 

ar:&^Diamctero/^;?y Circle, and the verfed Sine viz. (theHeight) 
of any Segment^ bemg given. To find the Atg^ of that Segment 
tn Gallons. 

In the 410th and 412th Pages you have two Ways (andtheir 
mxamfles) of finding, the Jrea of any Segment of a Circle in 
Inches^ then if that Area in Inches be divided by 282, or 231, 
ISc thG^mient will be its Area in Gallons. But becaufe the 
^f ^of any fuch Segment may be readily found in Gallons (with- 
€Ut finding Its Area tn Inches) by help of a Table of Sejrments, 
whole Conftmaion is laid down in the Problem, page 41I &c.I 
have here inferted a Compendium of fuch a Table, which will 
ferve very well for common Praftice, not only to find the^r^aof 
any Segment of a Circle in GaUons, but alfo to find the Number 
of Gallons that arc either dravm eat, or remaining in any Cyli?^ 
drtek F^^/ lying along 5 or of any clofe Calk, (being firk redth 
4:edto a Cylinder) its M^is lying Mrallel to the Horizon, ufually 
Oil d the Ullage of a Calk j as Ihall be Ihew'd farther on. 

^ Table i 
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Jl Table of the Segments of a Circle wbo/e Area is Unity or i, 
the ^Diameter being divided by parallel Chord- Lines into loo 
equal Varts. 



ir^s. 



I 

. 2 

3 

4 

6 

7 
8 

9 

lo 

II 

12 

'4 
i^ 
Id 

17 
i8 

19 

20 

21 

22 

*3 

24 

a5 



Segment 



0,0017 
0,0048 
0,0087 

0,0134 
0,0187 

0,0245 
0,0308 
0,037 s 
o,044(^ 
0,0520 
0,0598 
o,bd8o 

o,07<^4 
0,08 5 1 

0,0941 
0,1031 
0,1127 
0,1224 
0,1313 
o,i42>4 

0,1 5 *<^ 
0,1531 

0,173* 
0,1845 
0,1955 





v.s. 


Stgmtat 




r.s 




l6 


0,1066 




51 




27 


0,2178 




5* 




28 


0,2291 




53 




19 


0,2407 




54 




30 
31 


0,2523 




55 
56 


0,2*40 




;z 


0,2759 




57 




^^ 


0,2878 




58 




34 


0,2998 




59 




35 


0,3113 




*o 




3<? 


0,3 24?! 




*[ 




37 


0,33*4 




tf2 




38 


o,348(f 




tf3 




39 


0,3 (Ti I 




*4 




40 


0,3735 




*s 




41 


0,38*0 




** 




4» 


0,398* 




*7 




43 


0,4112 




*!i 




44 


0,4258 




*9 




45 


0,43 <J 5 




70 




4(J 


0,4491 




71 




4' 


0,4*18 




7* 




48 


0,4745 




7? 




49 


0,4873 




74 




50 


0, 5000 




75 



Segment 



0,5127 

0,5155 
0,5382 

0,5509 

o,5<^3 5 



o,57^i 
0,5888 
0,(^014 
0,^140 
0^626$ 



01^389 

0,5514 
0,5535 

0,5759 
0,5881 

0,7002 
0,7122 
0,7241 

6,7477 



0,7593 
0,7708 
0,7822 

0,7954 
0,8045 



KS 


tegmtnt 


16 


0,8155 


77 


0,82*2 


78 


0,85*9 


79 


^,8474 


80 


o,857<5 


81 


0,8*77 


82 


0,87 7* 


83 


'0,8873 


84 


0,89*8 


85 


0,9059 


8* 


'0,9 r 49 


87 


0,923* 


88 


0,9320 


89 


0,9402 


90 


0,9480 


91 


0,9 554 


91 


0,9625 


93 


0,9*9 i 


94 


0,9755 


95 


o,98r3 


9* 


0,98** 


97 


0.9915 


98 


6,9952 


99 


0,9985 


roo 


r,oooo 



The U(e of this Table oi Segments depends upon the following 
Proportion, 

rAs the Diameter of any proposed Cif'cle : is to 100 (thd' 

viz. \ Diameter of the Tabular Circle j: : So is the Height of any 

\ Segment of the proposed Circle : toaverfcd SineintheTahle. 

Then» if the Tahular Segment^ which ftands againft that verfed 

SinCy be multiply'd into the Circle's Area^ (either in Inches or 

Gallons) the Produfl: will be the Area of the Segme7it requir'd, 

[of the fame Name) viz. If the Circle's Area be Inches, the Seg- 

, nient will be Inches 5 ifGallons^ the Se^nUnt will be Gallons. 

* ■ * L 1 1 Exam* 
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Example. Let the Diamerer of the givcnQide fce SA=S^i\ 
Inches^ and the Height of the Segment 
fottght be F^= 20 Inches 5 What will 
irs ./^r^tf be in Me Gathm ? 

Firft, the Jlreit of the whole Circle 
wi.i be 10,87513 Me Gallons^ (by tPro- 
W^m 5.) and the Vreportion wUl ftaBd 
thuf, tf2,5 : 100 : : 40 : 51 the v«r« 
y^i/ 4£rW of the Table whofe Segment '^ 

0,2759- 

Then, 10,8^20 x 0,27 5P= ?.ooi^ Jtte GalUns^ being the 
^r^tf of the Segment S JG P, as Was requir'd. The like taay 
bb done for tVhie Gallons^ Corn Gallons^ or Inches^ 

And, opoo dccafion, the like Segments of My £ilip/ts niay be 
ekfiiy found. $ee the Proportions in the Corollaries to the 7th 
ahd 8th Theor^ms^ page ^iiy ^c. to which I here, for Brevity's 
&kc, refer the Reader. 
Sfeft. }. To cofHpute ibe Contents offuch Veffits (▼izs. Tuns,. £^(;.) 

as are in the Form of the following Solids. 
* Note^ Before the young Gauger proceeds to theie Computa* 
tioBs, he ihould be wel) aciqtiainted with fuch Solids as are defin'd 
10 p. 402 and 409, and then he may eafily undefftand what St>rt of 
Figures are meknt in the following ^roblefns^ wiAout the SLepe- 
tition of many 'Words. 

P ]R. a B L E M VIIL 

^ofind theContent of any Priftn txihofe Sides are Parallelogram^,. 
what Forfnfoever its Saji is ef. 

That is, to compute the Content (in Galldiis) of any ^0, &c-^ 
whofe Sides are Parallelograms which ftand upright, or at &igh^ 
angles with its Bottom. 

Firft, find its folid Content in Inches,, by Theoitem 9, page 4*t4; 
then divide that Content by 282, or 231, or by 2^8,8 5 the Quo- 
tient will fliew the Content in their refpeftive Gallons, viz* in -4Z^, 
Wine^ or Corn Gallons. 

Or elfe multiply the Content in Inches with 0,005 54^, oc 
0,004529, ^C. [See the MultipHoatorSy page 455] thofe Pro- 
du£ls will be the Content in their refpe^ive Gallons. 
Or otherwife thus : 

Find the true Area of the ^un^s Bafe or Bottotn, as direSbd ia 
SeEl. r ,^ 45 5 5 that Jrea being multiply'd with the Iuu'b Height 
(viz. 2)eptb within) will produce the Qwtent in Gallons 5 &8 be- 
fore. . I taie 
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I t^,kc the Work of tbis ^nhkm to. be fo ?ery eafie, it needs 

P R O B L E M IX. 

3^ jf»i rj?^^ Content of any ^yr^md (in Galteivr) whfe $afii 
is Hm4^d moi^h Rigkf-Unfs. 

Every Pyfamid is pne ^tird^paart of its drctm^riUng Vrifin^ 
fcy theorem lo^tage 415. TberefDre, 

If the ^M of the Bafe of any Pyramid, itiGaUms, be multi- 
ply M into one TT^ird.Qf itsi perpendiculair Ifeighf^ or ifofie I'hird 
of that 4^^a bem^hjpiy'^ with the ^h^le Height^ either of thofe 
Produfb will b^e the^ Content of the Pyr^ipid i.n Gallons, ^c. 

But the Content qfasy^ciar^ pyramid may be eafily found in 
"GaUom by this Rule: 

Q Square the Side of its Safe^ and multifly that Square 

\ wi>;& the perpendicular Height ; then divide ttiat ^r^^ 

IRttlC* -s^^ff hy 84<J;=r28^ X 3 for At0 QxiHgns^ or by 6^^— 2 5 1 

i^ %fi^r Win^e Gallons^ or hy %o6^/^'=zz6?^,% y^^for Corn 

^GallonSf the S^otient will he the Content required. , 

Or, if you mijlriply the faid Produ£l with 0,00x182 for J. G. 

tur with 0,001443 for W> Q. or, laftly, with 0,001241 for C (?• 

«he Refult will be the Content requir'd 5 As before. 

P R O B L E M Xr. 

^p,fin4 th^ Content (in Galons) of the F^uflum qfanyfqu(ire 
^yramid^ cut qff hy a ^Imn parallel to it^ Bafe. 

Firft> Either by "Theorem 1 5, fage ^\% or H'hecrem \6^f. 420, 
£nd thepropoVd Frufitsm's Solidity in Cubicle Inches 5 then dL 
vide that Content in Ca,bick Inches by-282 or 2 jp, ^c. aiad the 
^uotienP will be the Content of the FfUiftum in their re^e^iv^ 
Oallons. 

But, from the forelaid Theorem 1 5, thye may be fcafily dedu- 
ced the following General Rule for finding the Content of the like 
Frufium of any Pyramid, what Form focvcr its Bafes are of, (fup- 
ptfing them to he paraiiel) whethier they are alike or unUlne^ 

(^Firfl, find the Area of each S^afe, {viz. the top and bot« 

\ torn Areas of the propos'd Fruflum) ; thenfi^d a Geo- 
Kttil^ J^^tricalMeanbefween thofe two kro^^Sf (by Lemma i, 
tlUlv* Spage 83 5) the Sum of thofe two Area's and their Mf^W 

f being multiply' d into one T'hird of the Erufium'i Height^ 

^mll produce the Co^itent required. 

L 11 2 Exam^ 
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Example. Suppofe a Tun in the Plorm of the lower JFrtr^tffR 
of a Pyramid, whofe Bafes are Equilateral Triangles : Let the 
Side of the Tofi be 4a Inches, the Side of the Sottoni be tf;,4ltw 
ches, and its Height [viz. ^eptb^ be' 5 3 Inches^ What will the 
Content of that Tun be in .4/^ Gallons ? 

Firft, find theyfrf^ofthatBafe in Inches, by Vrohl. 7,^. 3455 
:hcn find what thofe u4rea^s are in Ale Gallons^ by Vrabi. 3 ,/. 43^4 
Multiply thofe two >/r^aV together, the fquare Root of thciil 
Produft will be the Mean Area^ &c. As in this Examfle: 
r The Ar^ca of the Top is a,7 r -^ 
Example. \ The ^r^a of the Sottom'is tf,i2 v ^^ Galloni 
cThe JW1?^» ^r^^ will be 4^07 3 
Their Sum is 12,90 

Then 12,9 x—= 141,9. Or ^ x 33 = i4i>9 the Coo^ 

tent requir'd. ^ 

P R O B L E M XL 

To find the Co^tiiit of anyi Right Cylinder in Gallons. 
That is, to compute the CqtMCTt of any round 7i/», &c. wWc ^ 
Diameters at Top and Smom^LVG equals and at Right-angles with 
its Sides. 

The Content of fuch a yi/« niay be (bund by Theorem iij 
/^i? 415 J or otherwife by the following Rule. 

r Multiply the Square of the Diameter into the. Height 
IRfll^ <^^^ ^'^'^^ '^ Produft hy 359,05 for multiply with 
****^^*"^ 0,002 78 5) ($€. as in/Page ^^% that ^oticnt (or 

vProduS) wU he the Content required. 
Exam. Spppofc theDiameter be 42, 5, and the Hcight3r,5/;/rfc«. 
Firft 42,5 X 42,5=iSod,25. And 180(^,25 x 31,5/= 56891^,875. 
Then j 59,05) 5^89(^,87 5 (i 58,4^ the Content in Me Gal. &c. 

X^^ ^ ^O B L E M XII. 
To find the Cont^^any Cone or round Pyramid in Gallons. 
- Becaufe every Cone is one Third of its circumfcrihing Cylin- 
der^ {^See Theorem 15, page 416] therefore its Content m4yhc 
truly found; by the following Rule. 

r- Multiply the Square of the Diameter of its Safe into 
\the perpendicular Height^ then divide their Vrodu£l 
fittU. ^h 1077,15 = 3 59,0) X 3 for Ale Gallons, or hf 
y882,5(J = 294,12 X 3 for Wine Gallons^ &c. and the 
^£luotient "mil be the Co^gent requird. 

Gr 
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Or if the faid ^roduB be cnultipIyM with 0,000^28=—^— — » 

or with 0,001135=^^^^' thofe Trodu^s will be the Content 

in their refpeftive Gallons. 

Example. Suppofe the Diameter of the Safe be 42,5, and the 
perpendicular Height be 31,5 Inches^ What will the Content be 
m Jle Gallons^. ^as before. 

Firft 42,5 X 42,5 = 180(^,25. And 180(^,25 x 31,5 = j^^^^nS ^ 
Then 1077,15) 5<^895,875 (52,82, Or 5<j8j?5,2 5 x Q.0009^8 
i=: 52,82 the Content in Ale Gallons: And fo on for fVine or 
Corn Gallons, 

PROBLEM XIII. 

^ofind the Content vfthe lower Fruftum of any Cone in Gallons. 
That is, to compute the Content of any round Tun^ &c. whofc 
Diameters at 7*op and Sottom are parallel, but unequal. 

The Content of fuch a Tlun may be found by the Rule at ^ro- 
hlem 10 5 but from T'beorem 16^ page 420, 'twill be eafie to de- 
duce this following Rule. 

^ To the triple Trodli6l of the top and hottom Diameters, 
\jAdd the Square of their "Differ eme 5 Muitipljj^jOoat Sum 
ISiVAt* -<'»^^ ^'^^ Height (or Depth); l1:f en divide theHaft ^ro- 
/.duQhy 1077,1 5/or Ale Gallons, ^r/y 88 2, 3 (J /or Wine 
COallons, the patient 'Will he the Content required. 
JEocafnple* Suppofe the Diameter at the Top to be 5 2,4 Inches^ 
the Diameter at the Sottom 45,^, and the Height ;o Inches. 
-Firft, 52,4X44,<^=r2337>04. And 2397,04X 3=7011,12 ^ - t^ 
Alfo, 5^,4— 44><J= 7>8 And 7,8 X 8=^0,84 S 

The Height 30 x 707r,9tfrr2i2i58,8. 

Then 1077,15) 212158,8 (i9j,9^ I ,^^ Content in Jle Gall. 
Or 212158,8 x 0,000928=1 9<^,9<5 J 

And fo on for either Wine or Corn Gallons, as occafion requires. 
But if the Tun {or Veffel) be not truly circular, that is, if aithcr 
Its Top or Sottom (or hoth of *em) be Elliptical, whether they 
are alike or unlike^ it matters not, the Content of fuch a Tun 
may be truly found by the General Rule at Problem to. 

PROBLEM XIV. 

Tlfe Axis or Diameter of any Sphere or Globe being given in 

Inches^ To find its Content in Gallons. 

Every Sphere is Two thirds ol it$ circumfcribing Cylinder ^hj 

Theor. iSypage 423 5 from whence and Theor.io^ fiige4^6, 'tis 

prov'd, 
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Jrov'd, that if the Cube of the ^x/i pf any ^pher^ (taken i^ 
nchfs) be multiply^ into o,525<^, the VroduB will be the Con- 
tent of that Sphere in Inches* Confcquently^ if that ConfenC be 
divided by 282, or by 2 ji, £5?^. the ^otientwill be the Content 
in Gallons. 

But thofe twb Works of muktplying with o,52j(r, and then 
dividing by 282, or hy 291,, i^c. tn^y be con^&^d into one. 
. Thi«8 282) 0,523^ (0,001 85 (J will be a Mult if Heat-, for jf. (?. 
And 231) 0,525^ (0,0022^6^ will be a Mufti f Heat, for fV. <?. 
Of 0,523d) 282 (538,57 will be a 2)ivifar fo^p -^/^ Gallons. 
And 0,523d) 231 (541,17 willbe a iD/v//Z>rfor^/wGalIoni. 
From hence aiifcQ this fellmvir^ Rule. 
r" Jfthe Ctihe of the Aaus of any^ Sphere he divided hg 
\53^>57 (or multiply'd with 0,00185^) or divided hy 
Rttlt* ^441,171 (or elfe multiply'd with o,oo22dd) the ^Wh 
Jtient (or Produft) ^jlhU he the Sphere's Co^^nP in 
^tbeir repe^ive Gallon«. 
Example. Suppofe the Axis 6riDiamet^r of 4 Sphere or Glohs. 
be 22 JncheSy haw many Ale G^llpw may it bold? 
Then 22 X 22 X 22=10^48. And 538,57) ^0^48 (rj^,?^ ^- G- 
Or 10(^48 X OyOoi%^6-=zi^^'i6 41^ G^l* the Content required. 
And fb for either Wine or Cort^ G^Ionf , as Occafipn requires. . 

P R O B L B M XV. 

' ^ofind the Content of a Segment of a Sphere in. Gallons^ 

In the Scholium^ p* 424, there are two T'haorems for reiblvipg 
this ^rohlem acqordlpg to tb& !Z)air^. t 

f.'(f the Di^pfxetjer of the Segmen^'« Bafe, and its Height are 
given, the Content niay be found by the firft of thpfe 2'heorems, 
which gives this Rtile : 

rTo the triple S(fnare (^ Malf th^ ^Un^ter a^A t^"^ 
ittf 1 » <' Square of the Height 5 t^fen- multifilf that Sum^ im 
iTlUe ^•'^the Heigbt, and divide the ^rodi^ hy .5^8,57 /^r 
^ji. G. ar hy 441,17 /or JJT. G. 8^c. qs al^opc., 
2. Bqt if ^i^Axis of the Sphere, and the Height of the S^ 
ment are given, the Cpjitent may be foji^nd by theyZ^^o^^f of thofe 
^theorems. 

r From tl^ triple ^rcdsiB of the Aim into the Height ^ 

^ , jfuiftraB twee the Square of the Height 5 then mul- 

PUlv 2. "S//^/y fj^g Remainder into the Hh^^ and divide 

I ^thgit 'Pradu£l hy 5 38, 5.7* &c- as, in the lafi ^roUetn. 

Either 
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fether of tfcefe Rtilefi Will produce the Content of the Segment 
in Gallons, 

Example. ^ Suppofe the Diameter of the Segment*s Bafe be 28 
Inches^ ahd its Height be 8 Inches^ what may it contain in jil& 
GaJIbns? 

* Rrft 2) 28 (14. Then (by Rtile 1.) 14. x 14. x 3 = 588. 
Afid 6x6z=i%6* Next 588 -f- 5<^=<^24. Again ^24 x ^^=$744. 
Lafthy, 538,57) 3744 (d,j5 the Content required. 

Nbte^ This ^rohlem may he ofUfe in Gauging the Croi^ns of" 
Sfetjoers Coppers, tic 

ScS. 4. HT^e fraSical Method of Gavging any fixd Tun or Cop- 
pbr> and making a Taile to Jhe'W ivhat it nviU bold at every 
Jncb deep% tonally called Inchmg of a Tun, ^c. 

Firft, you mufi kno^, tha-t tnoft (if not nil) Srewers Turn 
a¥e h fix d its to l^n a Uttle for Conveniency of cleanfing their 
Drink, ^\i\<\k It afkally caird the fDrip or FalloftJ^e Tun. 1^6^ 
this D^iJ) or Fall of any Tun is the Hoof of fuch a Solid as that 
Tttn is fuppos'd to reprefcnt, and under that Confideration it may 
be fouhd, as \nThet>r. i^/f. 420: But the practical (and indeed 
the heft) Way !$> tb rtteajhre into the Tttn (nvhen *tis dry) fo much 
Hqtioir as will jtfft co^tt its Sottom 5 for by that tneians you do rioir 
0nly find the true FiLll, biH alfo a true horifcohtal or level Plain o- 
▼er the Bottom 6f the Tun 5, from which if the i)eptb of the Tufi 
(viz the neareft Diftancefrom the T<fp of the Tnn to the Surface 
of the Liquor) he fet effv^M tri6r^ one of its Sides^ you will the* 
have a tr«e parallel Plain at the To^p of the Tnnn) chat of the Li- 
quor. Then, if the Sides of the Tun arc ftreight from the Top to» 
tlie Bbttbm, take as maiiy Dimenfionc in the aforefaid two Flaina 
as ar& needful to find the true Area of each ^ and by thofe tw> 
Ar^cCs and the aforefaid 7)epth find fo much of the Tun's Con*, 
tbnt (by the General Rule at ^rohlem X.) as is betwixt thofc 
/law Plains. 

Kext, to insh that Tun, divide the difference between the ni^ 
and botttmi Area's by th^ aforefaid tDeptb^ and the ^otient wifl 
be an Addend or fix^d Number 5 which being added to the Jeffer 
jrrea^ the Sum will be the Area of the next Inch 5 and being ad^ 
ded to that Area^ their Sum will be the Area of the Third Incb^ 
aitd lb on from Inch to Jncb^ until the Area of every fingle Inch 
be found) the Sum of tboie Area's (if the fVork he true) will 
annoant (jar ie equal) to the Content found ,« as above. And if 

the 
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the :/»«'i 2)n> or Fail be added to the Sum of all thofe Area\ 
that Sum will be the whole or full Content of that Tun. 

Now, from hence it muft needs' be cafic to conceive, that i( 
I . a . 3 . or any Number of thofe Area's accounted from the Sou 
torn, be added to the Fall, that Sum will fhew the ^antity oi 
Ziquor or tDrink that is in the Tun^ to fiich a Number ofwef Iiu 
cbes from the Sottom as there were v^ir^^'i added togetheri. 

Or, If the Sum of any U umber of thofe ^rr^V {being account 
ted from the Top) be fubftraAed from the Tun^& whole Content the 
Remainder will Ihew what ^antity oi Liquor or jDrinkis in the 
ar««, when there is fuch a Number of ^ry Inches from the 7o^ as. 
there were Area^s fubftraSed. 

This being well confider'd,* it will be eafie to make a Table 
cither to every ijoet or dry Inch of any Regular Tun^ (viz. njohoSe 
Sides are fir eight from Top to Sottom) what Form foevcr its Safes 
arc of, and whether it ftand upon the greater or lefler Safi. 

But if the «SV<!/(?5of the Tun are irregular, (viz. not ftr eight from 
its Top to the Sottom) then the beft and eafieft Way will be to 
divide or part the Tun into feveral Frufiums, each often Inches 
deep 5 and finding the Content of every fingle Frufium^ by taking 
the Diameters in the Middle of every one of thofe ten Inches 
(that iSy thefirfi Diameter at 5 Inches from the Top^ thejeconi 
U)iameter at 1 5 Inches from the TopyScc.) and multiplying their 
refpeSivc Area's with 10, (which is done by only removing the 
jeparating Commons one Tlaceforisoard to the right Hani) if the 
Sam of all thofe Fr^fimm be added to theivi//, (asbefore)-^ that 
Sum will be the whole Content of the Tun. 

Note, If you take the Height of the 'forefaid ten Inch Fruftum$ 
in the Side of the Tun, vou nmfl allow for the Difference between 
theflant Height and the perpendicular Height in every Frultum. 

Laftly, If from the whole Content of the Tun you fubftraft the 
Mean Area of the firft Frufium ten times, and from the Remain- 
der fubftraft the Mean Area of the fecond Frufium ten times, and 
from the laft Remainder fubftra£l the Mean Area of the third 
Frufium^ &c. until there remain nothing but the Fallot Hoof of 
the Tun^ you will then by that means have a Table that will /hew 
what ^antity of Drink isin the Tun to any Num her of dry Inches* 

And this is alfb the Method of Gauging and Inching Brewers 
Coppers, viz. by firft meafuring into the Copper fo much Liquor 
as will jufl cover its Crown^ and then dividing its perpendicular 
Height into Frujlums^ and its Sides into four Hquai^parts^ that fo 
crofs Diafheters may be taken in the Middle af each Fhtfiunt: 

But 
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but if the Coffer be mu^b voider at cb^ ^of than at the Sottotn^ 
and its Sides ffheroidal or arching^ as generally all Z^r^^ Cp/- 
j^^5 are ; then, inftead oftaking thofe Meaniuiameters in the 
middle ot every ten Imbes^ as abqve».yott.mufl take them in the 
middle of every Six Inches^, and jupceed on as before. 

Now the ^antity ofZiqubr that wo^]d cover the Cr^w« of 
the Copper^ may be found without Meafuring ir, as above. In 
order to that, I do fuppofe the Crown to be the Segment of a 
Sphere^ and the Lower Part of the Coffer wherein the Crown 
atifeth,^ to be the Fruftum oi^farabolick Conoid^ then, if the 
^Diameter at the 7of of the Crown^ and its f erf endicular Height 
are given, the ^lantity of Liquor inay be tbyod by this fol^ 
lojiving Rule: 

/- From the Area of the ^lain at the ^of of the Crown^ 
\SubftraB ~ I of the Area of the Crown's Height ^^ the 
itUlC* ^Remainder heing Multiflfd into half the Height of 
J the Crowny will froduee the ^antity or Number of 
^Gallons that wiU cover the Crown. 

This Hi/fo is deduced from Scholium^ Tage^ 424, and T'hcorem 
i^.Vage/^^o. 

Seft. 5. 21> comfute the Content of any ctofe Cask in Gallons^ viz 
of any Sutt^ 9ife^ Hogfhead^ '^arreU &c* 
In order to perform this difficult Part of (?j%/V^, the T'hree 
ibllowing 2)imenfions of the propos'd Cask muft be truly taken in 
Inches^ and 2)ecimal Parts of an Inch. 

rThe Bulge or Sung Diameter within the Cask. 
Viz. < EitheroftheI/i?a//!Z)/^w^r^r5,fuDpofing them both JE"^//^/. 
LAnd the Length of the ' ask witnm. 

Note, In taking ofthefe tDimenJtons^ it muft he carefully oVfero^d^ 
X. That the Bung- hole be in the Middle of the Osk- alfo 
that the Bung- ftafi^ and the StafiFdver-againft the Bung-hole, 
are both regular or even within< 

1. That the Heads of the Cask are equal and truly circular $ 
if fo, the Diftance between the Infide of the Chine to the 
Otttfide of iy oppofite Staff, will be the Head Diameter with* 
in the Calk, very near. 

5. With a Aiding Pair of Calipers, {made on fnrfdfefor that 
Ufe) take the fhorteft Diftance at Length between the Outfidea 
of the Two Heads $ ifi*ff(^ng them even) from that Length 
fubftraft I j^ Inch (more% ot lejl% according to the Largenefs ofthe 

M m *m ^ Cask) 
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CailC) for the Tbicknefis of tbe two Head8» the Remainder will 
be the I^ength of thj Calk withia 

Now, by thefe 7)imenJtonSj one woald {u{>poie the Contefttoi 
the Cask were perfeftly iimitted 5 but it will be eajy to per- 
ceive, by the following Figure^ that the Diameters iahavefaii) 
and the Length of one Cask may be Equal to thofe of another, 
and yet one of thofe Casks may contain or hold feyeial Gallons 
more than the other- 

As for Inftahce, fuppofe the Annexed Figure ASCfDG P, to 
. reprefent a Cask ; then it is plain, that 
if the Outward curv'd Lines A S C; 
and FG2) are the Bounds or Staves 
of the Caik, it mifft needs hold more 
than if the Inner Streight or prick'd 
Lines were its Bounds or Staves ; and 
yet the Sung ^Diameter S (?, Head Ilia- 
meter CiD and AFy and the Length 
L. H^ are the fame in both thofe Casks. 

Whence it plainly appears, that no one certain or generd 
Rule can be prefcrib'd to find the true C^r^/^of all Sorts <){ 
Casks^ and therefore Gaugers do ufually fuppofe every Cask to 
be in the Form of fome one of thefe following Solids. ' 
J- I. T'he middle Zone or Prufium of a Spheroid. 
Viz. ^ .!!• ^^^ wt^^^^ 2(?«^ or Frufium of a VaraMick Spindle. 
/ III' ^^ i^"^^^ Fruftums ofttxo equalTarabolick Lonoiii. 
'■ V I V, The lower Fruftums of two equal Cones. 

Now the Way ofGueJfing at the CasVs Form, and computing 
inComent, according to its fuppos'd Form, lihall here fhew ib 
their Order. 

I. If the Slaves of the Cask are very curved or Archinz. (as 
the outward Lines of the laft Figure) then the Cask is fuppos'd 
to be m the Form of the middle Zone or Fruftum of a Spheroid, 
whofe Content may be computed, by Theorem zi. ^oite 427. 
which gives thefe two Rules. , ., -^ -i- / 

C V'.^T''^^ f^e Square of the Sung tDiameter add the 

»fil^ V XfZT t^''^?^^'^^'''^.^ multiply that Sum in^ 
KUle I. ^tothe Length and dtvtde the ^rodth hy 1077,1 5. 
^Viz. 3,8,p7 xi^forAle Gallons^, andVy %il]\l 
vyja. 3,8197 X ziiformne Gallons. Or thus. 
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/-Srb Twice the Area of the Sung Circle, add the Area 

< \f)f the Head Circle 'y multiply their Sum into one 

IftUlC 2. 'yq'hird of the Length, and the ^rodaSl mil he the 

(^Content in their r^eSiive Gallons, 

Example i. Suppofe a Cask in the Form of the middle Zone 
of a Spheroid, whole Bung Diameter is 31,5, Head Diameter 
*4;, 5 pandits' Length 4zi«fZ?«. , 

Firft 31,5 i 31,5 X a = 1984,5. And 44,5 V a4,5 = tfoo,a^ 
Agam 1984, 54- tfoo,a 5=ta 584.7 5' And a 584,7 5 X 42=:io8 J 5P>5 
Then 1077,15) ?o8 5 59.5 (100,78 the .Caatent in £e GaJlqns. 
And 884,35) xo8555>,5 ("3.o3 the Conteiit in JT. Gailins. ^ 
Or thus, by the Secopd Rule. 

Sung liiameter 31,5 7w/c^its Circlets JreaU 5,5210 

JElead Diameter 14,5 its Circle's Area is 1,6718 

The Length 4a divided by 3 is 14. 7,i988=tliejr,^ifw. 

Then 7,i988x 14 = 100 78,theConteirfln-<4Crfl//o«f, a« before. 

And fo thQ Content in »7««; Gfl//i»»i may M found. 

II. If the J'M«« of the Cask are not quite fo much curved ot 
jSrching; as was fuppos'd befiwe, the Cask is then taken for the 
middle Frttflum of a. paraholiek Spindle, and its Content is com- 
puted, as by Theorem 27. <Pagff 43*- Which gives t\i\iRule. 
■ vr^o 'T'voice the Square of the Bung Diameter, ^a^-;; the 
KSquare of the Head Diameterj from thetr D|grenco 
V , ysuhflranfottrtenths of the Square of iheJ^t^^ 
Bttle. Sofr** Diameters J multiply the Remainder mto th» 
/Length, and divide the ^rfidu^ hy 1077.15* &c. 
\^ As above. 
JBxample 2. Suppofe the Dimenfions the fame as before. Then 
"* -T e V iT < X 2 •4-24., 5 >< 24.5 = ^584,75. And5i,5— 24.^ = 7 

Tien L77.15) *0773tf.3 Cioo.oi the Cont. in A.G,^c.for W.G. 
Ill When the Staves of the Cask are but very little curved or 
^"w J then^t's fuppos'd to be in the Form of the Fr«yi«»« of 
T^^equa > "r^^^^^^^^ abutting or mmng together upon 

ScommoJ Safe at the StUge, andthe Content may be found 
by ^eorem »5- 'P'^i^ 43o- ''l*"^^ g''«* "^"^ ^«'''' 

M m m a ^*^ 
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(^ To the Square of the Sung Diatneter add the Square 
\ of the Head Diameter ; multiply their Sumjnto tb0 

HulC I. < Length, and Divide the (ProdnB hyjiS.oS 

y^viz. 2,5454 X i%i)for Ale Gallons: or by 588,22 
v.(viz. 2,54(^4 X ^^T^for Wine Gallons.. Or thus^ 
r To the Area of the Sung Circle add the Area of the 

J5ul0 2. < HeadCircl.e\ multiply tte Sum into half the Zengtb^ 
land the ^roduEl wfll be the Content required. 

Example g. With the fame Dimenjions as before^ fhen 
3r,jX3*,jr4-24,5 X 24^5 =i 1592,5. And 159^,5 X 42=^^885 
And 718,08) d68S5 (95,01 the Content in Ale ^Gallons. 
Or 588,22) 55885 (i 1 3>7 the Content in PTme Gallons. 

IV. If the Staves of the Cask ^teftreight from the Sulge to the 
Head^ as the I^tner prick'd Zmw in the laft Figure, (vf^h a 
Cask can he madejxt is then taken for the Lower Fruftums of Two 
^qual C4nes^ abutting or joining together upon one comtnoh S»j& 
at the Bulge. And its Content may be computed as at 'Prohlem 
13. Vage 445. or by Theorem i^. ^age 419^ Thus, 

rTo the Sum of the Squares )>f the Head and Sung Via- 

Stale* <^ ^^^^^^ ^^ ^f^^ir fProduSl^ then multiply that Sum in- 

ftoth^ Length, and Divide the lafi "ProduSl by 107 7,1 f. 

\Orhy 88 2,35. I'be ^otient will be th§ Content^ ^4. 

Example 4. With the fa«Ve Dimen/ions as before. 
Firft 3fM 5^31,5 : + a4irx 24^5: 4- 31,5 X 24^5 = 2554,25 
And 2354,25 X4a = 9929?,5. Then 1077,1 j>99*9», 5 C92.1& 
tht Content in Ale Gallons, And Com for fTine Gallons. 

Thus you have the JUetbods of computing the true Contenn of 
the four Solids, in whofe Forms alt Casks. 
arc lAipposy to be. And by the Exam-^lAle Gallons. 
/fentappcars,thatP(?i;a-fuchCajftiashave I, 100,78 
their Dirnenfions all QqusiU and the fame II. 100,01 
with thofe above-mention'd, their Con-l Til 97 ok 
rents will be as in the Margm. | IV. 92*18 



Differ. 

Oi7r 

7,oo 
0,83 



From the Dtfpropmion ox Inequality of tljefe Differences it 
win be eafy to conceive, that there may be fcveral Casks Whdfe 
^ontents cannot be truly found,, according to the aforefaid fu'p. 
pos d i7<,KW2i . and therefore, in wder to reftifv the faid Tnequalt^ 
tm^^fbrn^ Authors (that have mriifen upon this Subjeajhzvo 
laKl down rheorcms of their own Inventim ^ (and yet caWd them. 
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/i&<j/2? Nafnes) others have proposed TiW^i for the fame Pur- 
ore. But fifice it is (o* that we can mlvguefs at the Truths tho 
^ainejl and ^ajjlf]^ W^y is to be prefenr d in ^raSiee 5 and that 
t, by finding fqch zmean Diameter ias wilt reduce the propos'd 
"^ask to z Cylinder. 

f Multiply the Difference between the Head and Sung 

^ KDiameterS^ ntitho^T. ormtbo^es- orwitho^e.ormth 

L, J 0,5 5. according as the Staves of the Cask are more or 

"^ **"»» "S Lefs arching ; Add the "ProduB to the Head. Diameter^ 

/and the Sum mil he the mean Diameter required. I'hen 

^find the Content^ as at Vrob. 11. ^age 444, 

Example. With the faoie Dimenjtons as before. Then the 
Bung Diameter tefs^ th^ Head Djam. is 31,5—24,5=7^ And ^ 

M^D. ^ J^G. Cent. 

^T X 0,7 ziz^9^^it^ulrea 2,4073 x 42 = 101,10 

ajj -c J- ^7^^ 0,(^5= 29,Gi5 ^,3504 X 42 = 98,71 

*#'>? "T" *S 7 X 0,5 = 28, 7 — 2,2941 X 42 = 9d,3 5 

. C7 X 0,55 = 28,35 — .— 2,^585 X 42 = 94,02 

From thefe it may be obierr'd, that the Difference between 
each Casket Content is Regular ^ and very near E^ual ; which plain- 
ly Acws, that there is not fb much Room left for Error tlHs Way 
of computing their Contents^ as was by the aforefaid Forms. 

Now the Firji of thefe four (viz. 1vitho^^) is very commohfy 
ufed amongl) Gaugers for z\l Sdrts o( Casks y but I did never 
Gauge any Cask that would contain quke fo much as that Rule 
did make it 5 and the Reajbn doth appear very plain fronx 
Ti^eorem 22* ^^^^427. beiujg compared with Theorem 19. Vc^e 
42^. and thiB laft P/fure, viz. that no Cask (bein^ regularly. 
made) can hold more than the middle Fruflum of a Spheroid. But 
I always found bv Experience ^ that if the Second sinA Third of 
thefe Rules (yizlwith 0,^5 and 0^6) were duly Apply* d^ they 
would anfooer very near the Truth amongfl the common Sort of 
Casks 1 and the Fourth Rule (viz. ivith 0,55) will come pretty 
nealr tnd Truth in computing the Contents ofCashy whole Staves 
are Blmofk ftreigbt betwixt iho Head knd Bung^ viz. fuchas 
Wine T^ipes^ i$c. , 

Scft 6. Jo find what ^antity of Liquor is either Tira'xn forth ^ 

or Remaining iny anyJpheroidalCask^ ufuallycaWd the Ullage 

of a Caskf hath two Cafes. 
Cafe I. To find what ^antity of Liquor is in the Cask, when its 

jixis is perpendicular to the Horizon t viz. when it ftands uf^ 

fi^t upon one of its H^ads. 

In 
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y la order to jperferm this the e^ifiefi Vfajf it wilJf 6e coove^ 
fiient to know how to calculate the jgtea iSff my -Circle betwui 
the Sung and Meadj whofe 2)iftancc ^om theJSffia^ or JiOddUm 
the C^i& it given. Kow that .may. he done by ti^s ^rofonion. 

r As the Square of half the Length of the Cask : is to the 

yDifference hetween the Sung and Mead Area*s zzfois the 
Vir . ^Square of any Orders Dijldncefrom the Sung : to the 7)if- 

/ference between the Sung Area^ and the Area tffth^ Circle^ 

>vi». the Area of the Liquor's Surface. 

r W=Halfthe Length of the Cask: f \ \ 

Lat <2)z=Half the Sting Syiameter. / '^ \ 

C d=Halfthe Head diameter. \ \ jj \ 

f fPzrthe 2)ijiance of any Circle from 
And 7 the Sung. \ jjl 

^ tf= Half^c Diameter of that Circle. 



w 



T^dn according to the common Troferty of the EUipfis^ ^c^e 
jtrti it will be, 
SS :i>2)iiSS^HHidd. AndSS :fDfD 1 1 SS^^T^ ; aa. 

{7>a)HH r aoyy 
=5J?. And< r = ^^. 
fDtD-^Jd I 2)2) — aa 
C iDSDHH rfD2)--aa 

' Conlequeatly, < '• — =< . ■ 

CiD2)-'dd L Z)2)5P1P 

' This JEquation being brought out of the FraCiions^ wiff 
become !l)d)HH'- a a HH= 2)2)^5? — dd 3>y. 
Which gives this Analogy HJU i^^-^ddn SPfP ; 502) — aoi 
Xhcn 5^ — a a being JishJlraSed from DD^ will Icaye a a. 
But Circles AretCs are in Proportion to the Squares of their Diamcr 
ters^ by iT^eorem 6. Tage 407. Therefore, 5?r. Q. E. D. 

Then, from the Bung Area fubflraft one Unrd Part of the 
aforefdd J>ifference^ viz. between the Bunge Area an^ the Area 
of the Liquor's Surface^ multiply the Remainder with the Zi'* 
juor's Difiance from the ^ii^/rg^ and the ^roduB will Aiew what 
^antity of Liquor is either ^^^ or CT/^i/^r half the Content of 
the C^5Jt. 

Example. Let us fupppfe a C^5ft of the fame Dimenjions with 
that in the firjh Example^ Tage 451. and let it be re^uir*d to 
find what ^tantity of Liquor is in it, (of Ale Meafure) when 
there is but 9 i!^ci^i7i w//. Here half the Lenpb of the C^x^ is ai 

Inches, 



tochet, wbofe Sqalrb is 441, ancl the Liquor's* DUiaibce front 
Bie Bung is 21 •^— 9^=: 1 2« Its Square is 144. The Difiference 
fetwcett the Bung^ and Hetid Arca*s i^ 1^,09 17 (=2i7d'35-ii 
1,1^7 18.) Tihen 441 1 1,0917 :t 144 ; 0)35^4- * ' 

And 2,7^35 —0*35^4 = 4,4071 the Jfteii of jhc. Zijtior^s ' 

Surface, 
Agaiti 3) o,3y«r4 (0,1188. And 2,7<^? J ~o»ii5.?=: 21*^447 
Then 2,(^447 >c 12 = 51,73(^4, what the Cask wants of being 
half fulL Confeqaentiy 50,39^ — 3r,73 = i8,dtf wiil )be the 
^^uantity ofj^iqtior in the Cask at 9 J^^i^ i w^/ in :/^fe Gallons. 

And if the C^ife had wanted but p J»^/?r^j of being full^ 
then 50,59+31,73=92,12 would have been the ^«fl«///y 
of Isiquor in the Cask. 

Hote, Secaufe the Two jfirft Terms (viz. 441 and 1,0^17) 
tfz the Proportion arefix^d^ viz. continue the fame for any 2)/- 
Jlancej '^tyoiU he very eafy to calculate the Area's of all the Circlet 
befvoixt the Sung and Head to every Inch^ and by that Means 
to make d^ahle that mil Jhew what ^iantity of Liquor is either 
drawn Out, or Remaining in the Cask at any Depth. 

Cafe a- To find what ^lantity of Liquor is in any Cask, when its 
^- Axis is Parallel to the Horizon, viz. when it lies along. 

There are Variety of Tables to be found? in ^ookso£ Gauging 
for this Purpofej but I always obferv'd, that the following 
^Method of computing the Ullage^ by a Table of the Segments of 
a Circlej cafne very near the Trufh in all Soj^ts of Casks, which ii 
thus perform'd : 
' ' i . By the Bung and Head Diameters^ find fach a meah J^iam^- 
ter as you judge will Reduce the propos'd Ca£k to a Cylinder, bj^ 
the Method kid down in ^age 453. And then find its (\x\\Coa^ 
icnty as in thofe Examples. 

z. Frorti the Sung Diameter Subftrafl; the mean Diameter^ 
zniihalf Difference^ (viz, divide it by 2.) 

3. Prom the PTet Inches of the propos'd Ullage^ Subftra^ ttie 
laid half Difference, and call it ^5 then obferve this T^roportion^ 

ryis the mean Diameter : is to 100 (the Diartieter of 
Viz. < the Tabular Circle) : : fo is the lajl Difference (viz. x) 
' \. '.to a verfed Sine in the Table^ (Page 441.) 

Then if the Tabular Segment, which ftands againft that Fer^ , 
fed Sine, he multiply'd into the Content of the Cask, the ^roduEt 
will fliew the Ullage, viz. *hal ^antity of Liquor is either in 
the ^aski or drawn forth* • , 

.., .; ... V ' i .. ' . Example 



